
UNCLASSIFIED 4 0 ON FILE GOpY
SECURITY CLASSIFICATION OF THIS PAOF. (When Dates nf.red),

J REPORT DOCUMENTATION PAGE READ F NqPrPirT1ONSe BEFOR6 C;uMPLLI' ING FORM

T. REPORT NUM9ER I2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

AFIT/CI/NR 88- I1 o 1
4 TITLEK (nd SubUtll) AQJ CYPL OAATIOAJ OP T7.JA I- TYPE OF REPORT A PERIoD COVERED

)•Uo0L¶tio&J pROCISSIOC 10 h Ty3JWk,4C P1D1 F& THESIS
GClROUP CH6tCC IASI< h iD)VOL Ih9'J13 UV CCAI.'AWJY 6. PIERFORMI•G 6O4. REPORT NUMBER

7," AUFHC)R CNTRACT OR GRANf NUMUER.()

0onomyT JEANPE kc0r'Or,.

PERFORMINO ORGANIZATION NAME AND AODRESS 10, PROGRAM MNT, POE. TASK

In AFIT STUDENT AT: UQQ .•l"•Ojr .0A ,l.m O?•

CONTROLLING OFFICE NAME AND ADDRESS 18. REPORT DATE

1988
C. 11. NUMBER OF PAGES

MoNiITOHINO AGENCY NAME & AODRESS(It dllferent from Conolling Office) i. SECURITY CLASS. (of thl reports)
'AFIT/NR

< Wright-Patterson AFB OH 45433-6583 UNCLASSIFIED

~6~ii~iU IONS ATE .NT~lehl~pot) -I;: .A5 IiCATION/ DOWN ORABINO
DISTRIBUTION STAIEMtN? (oft his Report)

SDISTRIBUTED UNLIMITED: APPROVED FOR PUBLIC RELEASE D
OTIC T

I?- DISTRIBUTION STATEMENT (of the abstr ct entered In Blook 20, It ditferent from

SAME AS REPORTIII . SUP EETRYNTSz

S. SUPPLEMENTARY MoTES Approved for Public ease4: \AWAFR 190-I

LYNN E. WOLAVER ""40ss
Dean for Research a Pro essi nal"Development
Air Force Institutd/of Technology
Wright- ABOH 45413-6

19, KEY WORDS (Continue on reveres aid. It neoeshary and Identity by block number)

.0 ABSTRACT (Conftnue on reverse mide It necessary fnd Identify by block number)

ATTACHED

8 ;

DD I J'N73 1473 EDITION OF I NOV O5I1 ONSOLETl UNCLASSIFIE

SECURITY CLASSIFICATION OF THIS PAGEi st( Dmata, &ise*red)
S, •1: ' ', *: .]'" ",' ;. ;T ' - '



DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



Author: Dorothy J. McBride

# Words: 255

ABSTRACT

AN EXPLORATION OF TEAM INFORMATION PROCESSING

IN A DYNAMIC GROUP CHOICE TASK
INVOLVING UNCERTAINTY

N

ý'-The purpose of this research was to address the problem of

f.acilitating group decision performance in a dynamic task situation

whif-h involves uncertainty. through the use of graphic information

,-entation and decision heuristics. The investigation involved a

laboratory experiment with groups of three performing a dynamic group

.hoice task (the Team Resource Allocation Task). Each team completed a

total of 32 trials, half of which were presented at a fast rate of speed

aukd half at a more moderate speed. The teams had insufficient resources

to respond to every event presented, so they were advised to identify

and commit resources to the most valuable combinations of eventS,

Visual coding schemes for presenting the events varied between teams as

did tho. presence or absence of decision heuristics provided by the

r•eearcher.

The most important finding of this research was that aids which

f..uirled the decision process had a much greater impact on decision

quality in a dynamic group choice task than did the form in which

ii•formation was presented. This finding suggests that how decision

makers u'_.e technology (their decision process) is at least as important

as the technology itself for supporting decision making. Additional

rý-:.earch should be applied to exploring how to aid the decision process.

Other' findings included the following: (I) Teams performed better

u.nmder moderate time pressure than under high time pressure, (2) Teams

performed better with practice, (3) Heuristics had a greater effect on

kci~i.on quality under moderate time stress than under hih Lime stress,

a,,, (4) Heuristics had an immediate and lasting effect on decision
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ABSTRACT

AN EXPLORATION OF TEAM INFORMATION PROCESSINO
IN A DYNAMIC GROUP CHOICE TASK

INVOLVING UNCERTAINTY

The purpose of this research was to address the problem of

facilitating group decision, _erformance in a dynamic task sltuation

which involves uncerjairit through the use of graphic information

preaentation and dljimion heursttig. The investigation involved a

laboratory experiment with groups of three performing a dynamic group

choice task (the Team Resource Allocation Task). Each team completed a

total of 32 trialg, half of which were presented at a fast rate of speyd

Anld half at a more moderate speed. The teams had insufficient resources

to respond to every event presented, so they were advised to identify

an•d commit regources to the most valuable combinations of events.

Visual coding smucmes for presenting the events varied between teams as

did the presence wr absence of decision heuristics provided by the

researcher.

The moot important finding of this research was that aids which

f.uided the decision process had a much greater impact on decision

quality in a dynamic group choice task than did the form in which

i.nforimation was presented. This finding suggests that how decision

m.akers use technology (their decision process) is at leadt as important

ar the technology itelf for supporting decision making. Additional

rpe.eArch should be applied to exploring how to uid the decision process.

Other' findings included the following: (1) Teams performed be0,er

1.,oelir moderate time pressure than under high time pressure, (2) Teams

6par'foi'med better with practice, (3) Heuristics had a greater effect on

.J.:iIoin quality under moderate time stress than under high time stress,

a,,d (4) Heuristics had an immediate and lasting effect on decision

1 ' iy

Man



I C ovCaUible to DTIC doese nol

Pon* Lay 1e0"e XePoductm

ACKNOWLEDGEMENTS

iFirst and foremost, praise be to God for His unfailing pi-omises and

fr, many answers to prayer. He has always been with me, even carrying

-mo over the roughest spots.

Thankm, too, to the Air Force Institute of Technlogy for

op",nsorind my doctoral program. I am particularly grateful to Colonel

Lav.'y Smith, Dean of the School of Systems and Logistics, and to Lt

(ohonol John Dumond, Head of the Departmvnt of System 1,cquimition
Miigaemont, who encouraged me and provided the tinie to complete my
rr•'earch,

It's unfortunate that only one name appears on the author line of a
Jo'olral thesis since invariabLy it repremente the efforts of mfny

, 'hl,,'cated people. I will be forever grateful to my advisor, Gary
Dickson, whose inspiration and unerring guidance challenged me to reach

f ,.l, tho best,. Gerry DeSanctis, who chaired my committee, provided many

valuble iuggestiona, and Cliff brown willingly and ably facilitated the

re.earch process, The advice and participation of other conimlttee

minmbtbrs, John Lehman and Chris Nachtmcheim, a),so contributed much to

t:im,,oving the study.

This research could not have been accomplished without the

.'..,perabion and material support of The Harry 0. Armstrong Aeromedical

ReseArch Laboratory and Systems Research Laboratories (,RL),, Wright-

Patterson Air Force Bage, Ohio. Walt Summers, Denise Wilson, and Mike
NIM:?,ese of the Armstrong Laboratory sponsored the study and provided
recnnmnwedationm to strengthen the research. Members of SRL wrote

V"ff.ware (Curt Mayrand), maintained hardware (Greg Bothe), recruited and

rc.'hedulad participants (Kevin Hlalloran), conducted color vision

s,:r,-'aing (Chris Calhoun), and assisted in the statistical analysis of

thr. results (Chuck Goodyear)), I am also grateful to Professor George

VIh:hos, University of Dayton, for his interest and his assaistance in

iI uintifying potent til participants,

My colleagues, particularly the cohort of 1Q84, and I have shared
ini all the tials and thrills of completing a demanding doctoral



program. The honda of friendship and profouaional support we enjoyed

aided me immeasurably throughout the years we hav. been togeLher,

My family'a love and understanding have also been invaluable, They

4ei.erougly expresged their support in many ways, patiently tolerating

1long periods of minimal contact from me.

Finally, many thanks to my beet friend, Betty Sharp, who endured

a11 my worst times of discouragement and helped me celebrate the best

times, Because she always knew I could do it, this thesis is dedicated

t,.) her,

Li



TABLE OF CONTENTS

ACKNOWLEDGEMENTS .. .. . . . . . . . . . . . . . . i

Lo LIST OF TABLES .* . . . . . . . . . . . . . . . . . . . . . . . . vii

LIST OF FIGURES . . . .. . . . . . . . . . . . . . . . ix

1,0 INTRODUCTION . . . . . . . . . . . . . . . .......... 1
1.1 The Problem . . .,

1,2 Researoh Purpose . . . . . . . . . . . .... . . . . 2

1.3 Relevance of the Research . . . . . *........ . . . 2

1.4 Relevance of the Experimental Task . . . . . . . . . . 3

1.5 Research Approach .. ................ 4

1,0 Limitations and Key Assumptions .......... . . . 3

18,.1 Limitations . . . . . . .. 5
1.0.2 Assumptions . . . . 5

1.7 Contributions of the Research . . . . . . . . . . . . . . . 8

1.8 Organization of the Thesis . . . . . ........ . 7

',!Q SIGNIFICANT PRIOR RESEARCH . . . . . . . . . . . . . . . . . . . 8

2.1 Group Decision Making . . . . . . . . . . . . . . . . . . . 8

2.1.1 Process Gains and Losses . . . . . . . . . . . . . . 8
2,1.2 Task Effecta on Group Performance . . . . . . . . . 9
2,1,3 Computer-based Support of Group Decision Making , , 9

2.2 D)ynamic Decision Making Tasks . . .............. 11

2.2,1 Non-Simulbaneous Choice. . . . . . |..... .11
2,2,2 Supervisory Control . . ....... .. . . . .12
2,2,3 Team Resource Allocation Problem ... . . . . .13

2.3 Decision Making Under Uncertainty ... . . . . . . . . . .14

2.3,1 Expected Utility Theory . .. . .. . . . . .. .. 14
2.3.2 Human Biases . . . . . . . . . . . . . . . . . . . 14
2.3.3 Prospect Theory . . . . . ............. 14
2.3.4 Alternative Theories . . . . . . . .. .. .. . .15
2.3.5 Risky Choice Behavior in Groups . . . . . . . . . .18

liii



2.4 Graphic Information Presentation for Decision Moking , , .18

2,4,1 Tables versus Graphs . . . ....... . . . . . .18
2.4.2 Research Programs . .. .. ..... ... .... 17
2.4.3 Feature Integration Theory ............ .18
2.4.4 Color versus Letters . . . . . . . . . ....... 19

2.5 Houristics for Decision Making . . . . . ...... . . .20

2, Summary of Relevant Literature . . . . . . . . . . . . . . 22

.,o CONCEPTUAL MODEL, VARIABLE SELECTION, AND RESEARCH HYFOrHESES 23

3.1 Conceptual Model . . . . . . . . . . .. . . . . . . . 23

3.1.1 Decision Znvironment . . . . . . . . . . . .. . 24
3.1.2 Group eocimion Process .............. .24
3.1.3 Information ... , . . , , . , . , .a 0 .25
3.1.4 Suggested Decision Strategy . . . . . ..... .25
3.1.5 Decision Outcomew . . . . . . . . . . . . . . . .26

3.2 Experimental Variables . . . . . . . . . . . . . . . . . .26

3.2.1 Independent Variables . . . . . . . . . . . . . .20
3,2.2 Dependent Variables . . . . . . . . . . . . . . . .29
3.2.3 Controlled Variables . . . . . . . . .. . . . . . .29

3.3 Research Hypotheses . . . . . . . . . . . . . . . . . .30

3.3.1 Effects of Information Presentation Form . . . . . .31
3.3.2 Effects of Suggested Decision Strategy . . . . . .33
3.3.3 Effects of Time Streas . . . . . . . . . . . . . . .35
3.3.4 Effects of Practice . . . . . . . . . . . . .. . .36
3.3,5 Interactive Effects of Time Stress and Information

Presentation Form . . . ..... . . . ... 38
3.3.0 Interactive Effects of Practice and Information

Presentation Form ... . . . . .. .38
3.3.7 Interactive Effects of Time Strels and Suggested

Decision Strategy . . . . . . . . . . . . . . . . .39
3.3,8 Interactive Effects of Practice and Suggested

Decision Strategy . . . . . . . . .. .. ... 39
3,3,9 Relative Effects of Information rresentation Form

and Suggested Decision Strategy . .40

3,4 Summary of Hypotheses . . . ....... . . . . . . . . .41

4,0 RESEARCH ENVIRONMENT AND METHOD ... . . . .... .. .42

4,1 Experimental Task . . . . . . . . . . . . .. . . . . . . 42

4.1,1 Team Resource Allocation Problem (TRAP) . . . . . .42
4.1.2 TRAP Events .... ........... . ......... 43

S. , 2 ' ' - ... ~. ._ _ .. :• ~ •L :• ,, -. ••. _e_•.•• • • _.y. •v_ . ,~~ •_ • • _

S. . .. .. ' ' ' ' •[ . .. . F . ..i ..... .. -• .... ..



4.1.3 Presentation Treatments . . . . . . .. .. . .50
4.1,4 Heurli tica Treatment . . . . . . . . . . . . . . . 52

4.2 Research Procedure . . . . . .54

4.2.1 Participants . .. . .... .. .54
4.2,2 Experimentel Procedure ..... ............... . 55

4.3 Summary of Research Environment and Method ........ 58

5.0 INALYSIS OF RESULTS . *. . *. . . . . . . . . .. . . . . . 60

5,1 Related Results . . . . . . . . . . . . . . . . . . . . .. 0

5.2 Primary Experimental Model . . . . . . .... .. . .60

5.3 Statistical Analylsi Using Primary Experimental Model . . .61

5.3.1 Overall Performance . . . . . . .. . . . . . . . .01
5.3.2 Proportion from Certain-Valued Events . ..... 05
5.3.3 I-Player-1-Point-per-Player Events ........ .8
.3.4 2-Player-2-Points-per-Player Events ...... .67

5.3.5 2-Player-4-Polnts-per-Player Events .... ....... 8
5,3, 3-Player-B-Points-per-Player Events . . . . . . .69
5.3.7 Perceived Workload. . . . . ... . . . ..... . .70

5.4 ANOVA Model for Information Seeking . . . . . . . . . . . .71

5.5 Statistical Analysis Using ANOVA Model for Information
Seeking . . . . . . .. . . . . . . . . I I . I * .73

5.0 ANOVA Model for Resource Commitments to Uncertain Events .74

5.7 Statistical Analysai Using ANOVA Model for Resource
Commitments to Uncertain Events . . . ....... ... 76

5.8 Findings Related to the Hypotheses . . . . .*.. .. 77

5.8.1 Effects of Information Presentation Form ..... .77
5,,2 Effects of Suggested Decision Strategy . . . . . . .80
5,8.3 Effects of Time Stress ... . . . . ... . .. . 83
5,8 4 Effects of Practice . . . .. .. . .. . . . . .85
5,e.5 Interactive Effects of Time Stress and Information

Presentation Form . ............... .86
5.8.0 Interactive Effects of Practice and Informwtion

Presentation Form . . . .. . . . . . . . . . . . . 87
5.8,7 Interactive Effects of Time Stress and Sug$erted

Decision Strategy . . . . I............ 89
5.8,8 Interactive Effects of Practice and Suggested

Deoiaion Gtrategy , , , a & , , ... ...... 02
5,,80 Relative Effects of InformA'ton Presentation Form

and Suggested Decioion Strategy . ....... ... 92

V



5.g Summary of Results .......... . ....... .93

C.0 DISCUSSION OF RESULTS AND CONCLUSIONS . ..... *..... .95

0.1 Discuumion of Re ults . . . . . . . ... . . . . . . . . . .95

0.1.1 Discumsion of Primary Result . . . . . ...... .95
0.1,2 Discumuson of Other Finding. . . . . . ... . 103
0.1,3 Other Observational Findings ........... 107

0.2 Conoluslons . . . . . . . . 1 . I . . 4 . 108

0.,1 Limitations and Their Implioations for Researchers 108
6.2,2 Summary of Key Findings .. .... .... 109

I:1FEERSNCES . . . . . . . . . . . . . . .... ... ........ 110

APPENDIX A, SubJeotive Workload Ausessment Technique (SWAT) , , , A-i

APPEINDIX B, Sample TRAP Instructions .. . ...... 1 4 8-1

APP"NDIX C, Instructions for TRAP with Uncertain Events ..... C-I

AIr"ENDIX D, Instructions for TRAP with Hleurlitic . . ... ... D-1

AVIPFE DIX E, Consent Form . . .. . . . . . .. . . .. . . . E-

AP:ENDIX F, Instructions for SubJective Workload Asasesmurnt
Technique . . . . .. . . . . . . . . . . . . . .. F-i

A/EI}DIX 0, Toet of Point Value Understanding . . . . . ..... 0-1

APFENDIX H, Toot of Heuristics Understanding . . ........ 14-.

i UIX 1, St.atistical& Results . . . . . . . . . . . . . . . . . . -

vi



SLIST OF TABLES

TAMLE 4.1, Point Values for Certain Events .. , 40

.TABI.E 4.2, Coding Schemes for TRAP . . . . . . . . . . . . . . . .51

TADJE 4.3, Event. Symbols for Certain Events . . ........ . .52

TA63LE 5.1, Primary ANOVA Modoil . . . .. .. . ... .. . I02

TABLE 5.2, ANOVA Results, Ovevall Performance . , . . . . . .83

TAPLE 5.3, ANOVA Resultr, Team Scare . . . . . ... . . ..... 64

TAL-LE 5.4, ANOVA Results, Proportion Certain . . . . . . . .65

TAHLE 5.5, ANOVA Results, I-Point Events . , . . . . . . . . . . . .08

TA•LIE 5.6, ANOVA Results, 4-Point Events . . . . . . . . . . . . .. 7

"'AlIlE 5.7, ANOVA Results, 8-Point Events . . .08

TA\8LE 5,8, ANOVA Results, 15-Point Events . . . . . . . . . 89

,'ADLE 5.9, ANOVA Results, SWAT . . . . . . . .70

TALLE 5.10, ANOVA Model for Information Seekin$ . . . . . . . . .72

TABLE 5.11, ANOVA Results, Information Seeking . . . . . . . .73

TABLE 5.12, ANOVA Model for Resource Commitments to Uncertain Events 70

TADILE 5.13, ANOVA Results, Resource Commitments to Uncertain Events 77

TABLE 5.14, Resource Commitmonr o to Uncertain Events ........ 82

TABLE 5.15, Events Completed versus Time Pressure . . . . . . . .84

TAbLE 5.10, Timegesswheur Effects on CompletinS 4-Point Events .90

'TAPLE S.1, TRAP Task Point Values . . . . ........... . . B-5

TAELE C.1, Types of Uncertain Events .......... .... C-I

TABL•E 1.1, Coll Means and Variances, Score . . . ......... 1-2

'IAID[,E 1.2, Cell Means and Variances, Proportion Certain .... 1-3

TABLE 1.3, Cell Means and Variances, I Player,
1 Point/Player Events. . . . . . .......... .. 1-4

vii



i LiLE- I .4, Cell Means, and Variances, 2 Players,
2 P,)ints/Player Events . . ............... 1-5

7itI 1, - I,, Cell Means and Variances, 2 Players,
4 Points/Player Events ................ . 1-0

TAB'LE 1.6, Call Mean# and Variances, 3 Playero,
- Points/Player Events . ............. .. 1-7

'IAIJLE 1.7, Cell Means and Variances, Information Seeking ..... I-8

TABLE 1.8, Cell Means and Variances, Resource Commitments ..... 1-9

"TAII11E 1.,, Cell Means and Variances, SWAT ............. 1-10

TOILE I.10. Raw Data . . . . . . . . . . . . . . . . . . . . . . . I-11

'I'AfJLL I,11, Raw Data, Uncertain Events . . . . . . . . . . . . . .I-i1

viii

0



LIST OF FIGURES

V'tCURE 3.1, Conceptual Model . . . . . . . . . . . . ...... .23

FI(IUICE 3.2, Experimental Variables * * * a . a I . ., , , . .27

FIIURE 4.1, Seating Arrangement . . . . . . . . . . ... . . .43

.F. URE 4.2, Control Box . . . . . . . . . . . . ... * .. . 43

FIOJURE 4,3, TRAP Display .. . . . . . . . .* .*.*. . .44

I,'W URE 5,1, Resource Commitments . . . . . . . . .. . . . . . . .. 83

Flf.'URE 5.2, 4-Point Events . . . . . . . ... .. .. . . . . 9

ix

-- - - - - - -



1.tl INTRODUCTION

In ipite of the myriad of studieo of group performance completed,

"we Kill know very little about why some groups are more effective than

ot•hers. We know even less about what to do to improve the performance

of a given group working on a specific task.' EHACK83, p. 331I

_Comiputor-based support of group decinlon making arid the explicit

d1.,:usion of deMi'ion strategies have both been offered as means to

improve group performance. This research examines how group decision

maki:n6 performance is affected by the provision of a Group Decision

S,.up•roRt System (ODSS). In this study two types of decision support are
provided to decision making groups, one type involving the information

preoented for decision making and the other type representing an aid to

the process used by the group to make a decinion. The goal of the
rosaarch is to investigate the role that may be played by each of thuee

types of decision support on group decision making performance.

This opening chapter identifien the general problem addressed by

Lhe research, details the purpose of the study, and explains the

relevance of the research in general and of the chonen experimental task

ini particular. The final four stations of the chapter introduce the

rosearch approach, prenent the limitations and key assumptions of the

itudy, identify the contributions and strengths of the research, and

outline the contents of the remaining chapters of the thesis,

1.1 The Problem

Research in decision making has followed a number of different

IvclnuoQ, Vome more developed than others. There are ample opportunitien

4 lamiong the loeo developed areas for further research. For example:

-- Reuearch in the computer-baied support of decision making
groups is only beginning (GALLS51. Additional remearch-bamed
knowl.edge about deciilon proelnnen In essential for the
development of more effective Group Decision Support Systems
(OtSS); at the name time, the development and application of
UDSS tooln an experimental treatmentn can contribute greatly
to vtudying group decision procennes [KRAE843,

-- The number of variables involved in and the complexity of
group decision making situations make studying theme
miLuationo difficult, no empirically baned knowledge about
group decision making processes is limited EKRAES43. Among
the variablen that Hlackman and Morris present am controlling



factors in group performance are the task performance
ntrategise used by group members DIACKS3J, There is much to
be discovered empirically about how groups might use
heuristics as part of a strategy to support their decision
making processes.

-- There is P growing body of research concerning the impact of
computer-based buoinsais graphics on decision making, The
results of graphics research, however, have been inconsistent
(DESA84, J3ARV853. The inconsistent results have been
attributed largely to task differences EDICK80, JARV8OU3.
Research is still needed to identify appropriate matches
between the decision maker's task and the means of presenting
information to the decision maker.

-- Laboratory studies that have attempted to explain improved
decision outcomes associated with computer-based decision
support have been especially iimited. The missing
explanations can be discovered by examining how the decision
making process changes with variations in the decision support
provided (BENEB043,

No single study can fill all the gaps in even one of these areas,

but any study of decision making should be aimed at contributing some

knowledge to one or more of the areas. The following purpose statement

identifies the Saps which are targeted in this research.

1.2 flesearch Purpove.

The purpose of this research is to explore the impact of variations

in information presentation and of decision process interventions on
grc".ip decision quality, In particular, this research addresses the

ptrqblem of facilitating £rOUP Rerformance in a dyai ai iuto

which involves uncertainty throughi the use of flrsohic infolrmation
gyregentation and decision heuristics.

1.3' Relevance of the Research

Nearly every facet of our society -- political, legislative,
Judicial, economic -- functions through decisions made by
grua.. The functioning of every business, educational,
and political organization relies on decisions made by
manatement teams (FISHBO, p. 22,

Group decision making is indeed pervasive in our society, and Huber

[1=983E4a] predicts that group decision making in the future will need to

b-i even m~ore frequent and faster and will need to account for greater

complexity in the decision situation. He expects that organizations

will improve the effectiveness of their decision making groups throughI 2



the adoption of more sophisticated group teohnologies, The more that

cai be learned about the impact of group technologies on decision making

tlalms, the more organizationi will be prepared to cope effectively with

the demands of an information-intensive future.

Thin study extends knowledge of the effects on group decision

outcomes of two factors: computer-based graphic information

pvientation and the explicit provision and discussion of decision

heueinticv. In particular, the study extends knowledge about the

effects of both factors in a dynamic decision environment, an

ornvironment that has not been extensively studied. In addition, a major

coiitribution of this research is the opportunity to explain how

var iations in decision support contributes to the effectiveness of

1JiM:ision making groups,

1.4 Relevance of the Inerimental Task

The Team Resource Allocation Problem (TRAP), the experimental task

for this research, places the decision making team in a decision

ervironment that han not been extensively studied, but that is

characteristic of the post-industrial society envisioned by Huber

(l[HUDE84b], Results of the research are applicable in any organization

in which teamu of decision makers must make choices under time pressure

in dynamic, uncertain situations,

For example, among a computer operations team's basic duties is

responding to system messages displayed on the computer console, A

number of messages may be displayed simultaneously on the game console,

and the situation is constantly changing. The operations team has to

choose from among the messages presented the one that requires the

highe9t priority response, Because of the high turnover and the

reaulting low experience level among computer operators, organizations

a'e interested in facilitating operator training and task performance.

Sperry Corporation, in particular, is sponsoring research aimed at

i ml. r oving operator task performance through improvements in the

computer-operator intarface [VANW8W]. The results of this research are

apl:,icable in the development of such user interfaces and in the

devolopment of training programs,
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Public and private crisis intervuntion teams could also benefit

fvom using systems that incorporate research findings on supporting team

d',civion making, Steven Fink, President of Lexicon Communications

Corporation, a management consulting firm specializing in crisis

,1iiagoement, insists that 'Every crisis demands a crisis management team'

and identifies tho need to collect the appropriate information and route

it to the proper decision makers [FINKBO, pp. 57, 05]. Crisis teams

require quick, reliable, and clear information to support their

doeciiong at times when stress and time pressure can lead to information

o"'i:'load and miscommunication (HOUSe6]. An information system designed

to support crisis management must 'minimize message ambiguity,

informaAtion filtering and distortion, and conflicting instructions'

(11OUSBO, p. 393). The results of this study aid in understanding how to

miiiimize ambiguity, filtering, distortion, and conflicting instructions

in crisis management situations through explicit discussions of decision

otrategies and appropriately designed information displays.

Additional Spocific applications of the research results involve

decision making t~amN in the following decision environments:

-- Manufacturing/process control, Teams must monitor ongoing
operations, identifying and responding to problem situations.

- Air traffic control/military command and control, Information
in these control situations 'usually concerns the past,
present, and future location, identity and certain other
attributes of various obJects' to which teams must respond
quickly and accurately [WOHLB43.

-- Financial markets. The #took market is volatile, and
financial managers must react quickly to new quotations for
the benefit of their clients.

In t'ach of these environments, team decision making can potentially be

,,.ude more effective through use of decision support which incorporates

the results of this research,

1.5 Research Aeproach

The study was a laboratory experiment, which provided the means for

controlled tests of the effects of specific independent variables, As

recommended by Benbagat, tho experiment was conducted with multiple

dependent variableS and using multiple method# of measurement CBENBB4].

The dependent variables measured group performance and per'ceptions of

4
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workload. The measurement methods used were computer tracking and

queotionnaires, These methods allowed the analysis of both the decilion

outc:nies (what effect the independent variables had on decision

outcomes) and the decision process (how and wy the indepandent

variables had an influence),

1.0 Limitations efd Key ASmptions

1.0.1 Limit ations. The study is limited in the following ways:

-- The study is specitically orionted to exploring the
performance of three-person teams with the TRAP. The results
may not be generalizable to other group sizes or to other
tasks,

- Only a limited set of the variablim involved in the group
proceu. were examined.. Practical limitations demand that many
faotors be reserved ftr other studies,

Only a limited number of possible treatments within each of
the variables were examined. Different information
presentation approaches, Sets of heurisgtic, or levels of time
pressure could yield different results, but practical
limitations apin demand that many variations be reserved for
other studies.

1.0.2 Assumptions, The study was based on the following key

assumptions:

College students are suitable subjects for the research, The
characteristics of the college students who served av subjects
for the experiment may not exactly match those of the
individuals who would ultimately use systems based on the
results of the study. Especially for exploratory research
[DICK85], however, the use of students as surrogates for
decision makers should not discredit the study EREMU8I0.

Factors such as the mix of men and women on a team, the
Seating poeition of a male on a mostly female team (or of a
female on a mostly male team), and the mix of levels of
individual experience with personal computers/computer
terminals and video $ames on a team would not materially
affect the results or would be sufficiently accounted for
through random assignment of treatments. This assumption was
oupported in preliminary analysis of the experimental results.

-- Discriminating among the five levela in the information coding
schemes would remain within the limits of human information
processing [MILL01]. The subjects were tested to assure that

they could discriminate among and understand the meanings of
the five levels in the code they used, but the test was
administered under static condition# with no time pressure.



The assumption was that the dynamic conditions and the time
pressure of the experimental iltuation did not place the codes
beyond the limits of human information processing.

1,7 Contribu•tions of the Research

A major contribution of the 'study is that it extends knowledge

a•out information representation and heuristics effects it an important

dq' i9ion context that has not been extensively studied. In describing

the likely nature of poot-industrial organizations, Huber predicts that

organimational decision making will be more complex; concurrently, there

will be demands for organizational deolsion making to be both more

froquent and falter. To achieve the requisite decision group efficiency

and effectiveness, organizations will be motivated to integrate computer

and communication technology into their decision processes, especially

for the high stress conditions facing crisis decision groups (HUBS84b),

This research contributes to determining the most appropriate

applications of information technology to Sroup decision making in post-

indlustrial organizations.

Other major strengths of the study are am follows:

-- It is founded in established reference discipline theory
[KEENBO, JARVB6, DEBAS4].

- It builds on both the managerial graphics research stream at
the University of Minnesota and the team technology research
stream it the Harry 0. Armstrong Aerospace Medical Research
Laboratory. The sharing of definitions, concepts, and
measurement instruments helps to build a cumulative tradition
of MIS research [XEEN80, DICX8OJ.

- The equipment used represents state-of-the-art technology in
graphics terminals, yet the study focused on the effectiveness
of the support provided to decision makers rather than on the
technology itself EXERNOO].

- The results of the study have practical applicatinn both to
the sponsoring organization and to other organizations
involved in related tasks EHEENO)I.

The dynamic group talk used simulates a decision context that
has not been extensively studied.

The study provided opportunity for a limited examination of
the cognitive processes underlying the decisions made
EPAYN78I.
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1,8 Orlanization of the Thesis

Chapter 2 reviews uminlficant prior research. Chapter 3 presents a

c roneptual model placing the study in context, identifies the variables

of Interost, and develops hypotheses from the relevant theory and

rovearoh results. Chapter 4 provides a detailed explanation of the

empurimental talk and a full description of the research method. The

rotnmarch outcomes are presented in Chapters 5, Analysis of IResults, and

O, Discussion of Rtsults 3nd Conclusions,
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2,0 SIGNIFICANT PRIOR RESEARCH

The specific purpose of this research is to address the problem of

fliaciitating roup. decision performlane in a dynamic toak situation

which involves uncertainty through the use of Araphic information

rreetation and deciSion heurigtls, The following sectiong prevent
highlights of prior research relevant to the areas indicated by each of

th~i underlined phraseS in the purpose statement.

2,1 Group Decision Making

In a review of group research contributions over a period of three

year' from the disciplines of psychology, sociology, communications,

edu,:ation, and administrative sciences, MW~rath end Kravitz determined

Lh|nt about 40 percent of the studies were concerned with the

effuctivenegs of group task performance CMOORS2. The large proportion

of performance-oriented studies continued an historical tendency to

Ifoaus a maJor share of research effort on such issues as comparing group

to individual performance and identifying factorl that affect group task

perforimance, Among the tasks most frequently used were those identified

iii hicrath's Task Circumplex am choice tasks, both intellective and

d~tr'2it,4in-making tasks EMCGRS4J.

Uvoup decisionm are different from those of Individuils. In spite

of 'he potential problems in reaching consensus and the opportunity for

c,'if1Ica, a group tendo to make decisions of higher quality than the

ovoi'•io porformanoe of individual members of the group (MINES4, MOURS43.
Cioup decision making, however, lsgo tends to be inefficient and slow;

!.roipg toend to proceed in burgtS of activity, Jumping from one issue to

auiothev frequently, while individuals seem able to u•etain concentration

oil 4% 0 inge issue [FISHSI.

2.1.1 Process aains and Losses

Hluber suSgoogt that a group's actual docision-making affectiveneUs

eqilAi ito potential effectivenems plug gains resulting from group

'o'.e~S minus losses resulting from group processes [HUBE02J. Groups

r,aln because they have more resourcem, more sources of information and

of now ideas, and more perspectives for critical analysis of Ideas

0 iFriO], They generate more alternatives and are better at analyzing

B



the relative advantages and disadvantages of the varioul alternatives

(T!URO82 .

On the other hand, group procesles can contribute to losles in

decision effectiveneus. For example, decision quality can suffer when

lindividual group memberm dominate the group proceul beyond the mirits of

thetr contributions, when group members misommunicate, or when there

eve group prellurel to conform EHUB912]. The complexity of group

communication limits the group's effectiveneus eupecially when group

productivity depends on the coordinated effortl of group memberl

EHACK833. Groups also fail to reach their potential because they are

irnetfective at identifying members who could contribute molt to the

group decision, For example, the quality of a group deciuion has been

whown to be no different from the quality of the individual decilion

coluctod am beat by members of the group, By contrast, the group

docision was inferior to the individual deo ion that actually was the

bot of the decilions made by members of the group CMIN$S41,

4,1,2 TaLk.,Efofect on Grouc Performance

Group decilion gOroelel vary according to the task, Intellective

tAMl much a1 the TRAP taok uled in this study have a correct answer.

For much LaNkl, the decision icheme that beat fits group performance hol

been labelled 'truth, lupported, wins' CMGMRe2], In other words, the

group acceptl a solution as correct if at lealst two members know it to

be correct, A solution presented by only one member, even if it is the

correct solution, may not be readily accepted unleus the solution can be

explained easily and is intuitively compelling once revealed, Groups

a+ccept lolutions to 'eureka' problems, then, on a 'truth wins' balsl

[MCOR82]. Other factora associated with the talk (&e., time prellure)

also influence group performance [ISENSl]. Specifically, Imenberg

found that increased time prelsure led to loea equal sharing of

communication time among group memberl, more salient leadership, and

l~es accurate decisions,

2.1.3 Compuber-baged Sugpoor of Group Docilion Makin$

Cxaminin$ the impact of computer-baled lupport of group decilion

making is a relatively new area of study. A Group Decision Support

Sy;•, emn (GDSS) ham been defined as 'an interactive computer-baled syltem



whi,:h facilitatos solution of unstructured problems by a set of decision

makers working together as a group' (DESA85. GDSS results, although

limited, provide some basis for understanding the impact of computer-

based support of group decision making,

Only a small number of GDSS' have been developed (HUBE84a], Of

thoge designed, most have been intended to facilitate decision processes

thAt fit the rational model by helping to identify and clarify decision

alernativeg [KRASS4]. Any one system, however, tends to support only a

SnmI1 get of specific tasks [HUBSE4a),

Steob and Johnston (STEE811 compared the performance of groups with

4nd without computer-based aids in solving a complex int~rnational

c:iaig problem. The system elicited a decision tree from the group

based on pooled inputs from the members, Oroups with computer support,

considered more factors, socred better on measures of the content and

broadth of their solution#, and developed more detailed courles of

action. They were also more confident in their decisions and more

satisfied with the process. Groups without computer support had the

advRitage only in completing the process in leos time.

Turoff and Hilts [TUROS23 &lgo compared the performance of groups

with and without computer-baged support. The task wag a memigtructured

survival problem, and the computer-baged support involved computer

conferencing and a deoiion aid in the form of feedback concerning the

dotree of consensus achieved. Communications in groups operating with

computer conforencing facilities were more task-oriented than in groups

opq:'ating face-to-fce. Second, groups with either the decision aid or

formal leadership reached greater consensus in computerized conferences,

but, groups with both the decision aid and formal leadership reached no

greater consesnus than groups with neither the decision aid nor formal
I, gdlrhi P.

Group Decision Support System use h also been shown to enhance

decision quality for groups performing a problem-solving tank ILEW1821,

a problm-finding task [gALL86], and idea generation in support of an

orvemititional planning task [APPLO8], Another study provided partial

aurrt.P for the contention that uIe of a GD88 provides for more even

diatribution of influence behavior among group members performing an
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intellective talk EZIGUB83, On the other hand, UDSS use did not
increase group consensus on a preference allocation task [WATS87J.

Nearly all the studies of group decision performance have used

static decision taska; i.e., the task environment remains stable during
the decision procoes. The next sub-section reviews mome studies of
decision making in dynamic task environments.

2,2 Dynamic Decision Making Tasks

Rapoport suggested that a decision making situation can be
described as dynamic when most or all of the following characteristics

avi involved: (1) decision makers make a series of decisions over time;

'(2) previous decisions or other factors may change task requirements

over time; (3) the results of previous decisions may determine what

i)f:'rmation is available for further decisions; (4) the results of any

decision may impact future events CRAPO ,

In spite of the fact that real decisions are made primarily in

dyn",mic rather than static situations [LITTSO3, research in dynamic

ducilion making has been extremely limited. One reason for the limited
reaearch has been that dynamic decision models 'are so complex and

require so many assumptions that the interpretation of experimental

results is typically ambiguous' SBLOVV7, p. 143, In addition, many

studies have been plagued by the "curse of insensitivity' [RAP075O. In

other words, when decision makers are told to optimize their performance

and are compared on the basis of payoffs received, large variations in
decision behavior typically result in very small dilfferences in payoff,

On the other hand, Slovic, Fiochhoff and Lichtenstein suggest that there

are some important human factors questions worth studying in the area,

including 'How do variations in the basic system (elg different

instructions or information displays) affect people's performance?'

[,,LUV , p. 2i ],

*2,2.1 Non-Simultaneous Choice

Some studies of dynamic decision making have explicitly established

decision points at which decision makers had the option either to make a

iinal decision immediately or to seek additional alternatives before

mWking a final choice. The point at which a final decision is made

providel Some evidence, for example, about whether the decision makers

II
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hive adopted a matimficing or a maximizing strategy. Olander found that

a mixinmizing strategy best described individual behavior. There were,

howqver, some individuals who tended toward satimficing when they had

v•p:y little information about the alternatives that would be available

with search [OLUNM5).

I.NA2 Supervisory Control

Other studies have concentrated on tasks related to supervisory

control of unstable systems, such as those faced by air traffic

controllers, manufacturing process controllers, and power system

regulators. The human operator's task in these problems is to monitor

various sources of information and to Select and act on those events

that demand their intervention. Such studies often compare decision

maker performance to a model of idealized performance Although further

work i1 called for on the effects of uncertainty in such tasks, there

hive been some consietent findings. Many decision makers performed very

well, performance improved rapidly with practice, and tome subjects

eithe, consistently under-controlled or over-controlled the system

Pattipati, Kleinman, and Sphrath CPATTS]3 also focussed on

supervisory control problems using a dynamic decislon task adapted from

a task designed by Tulga and Sheridan ETULO80]. The Pattipati et al,

tas k presented up to five events at a time on a cathode ray tube (CRT)

scr•on, Each event was represented ams a rectangle that appeared

linitially at the left edge of the screen, moved across the screen to the

right at various speeds on one of five lines, and disappeared upon

reaching the right edge of the mroton, No more than one rectangle at a

timg appeared on any one line, The height of each rectangle represented

its payoff and could be one, two, or three units, The number of dots

displayed on the rectangle represented the number of seconds required to

process the event and could range from one to five seconds, Subjects

procossed an event by presin$ a button corresponding to the line on

which the rectangle appeared. Subjects were told to maximize their

accumnulated payoff and were told their scores at the end of each 90-

second trial, Pattipati, Kleinman, and Ephrath were not directly

int'Werted in comparing task performance among Individuals, so they did
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not r'eport performance data, Instead, they developed a Dynamic Decision

Model (DDM) to describe human performance on the experimental task.

The DDM wag based on the assumption that, subject to human

limitations, well-trained participants would behave rationally (would

ooe subjectively expected value to choose among available rectangles),

The model took into account much factors as the processing time required

"f"or an event, the time available to work on the event, the relative

importance (reward value) of the event, human reaction delays, and human

inconsistencies in responding to similar events, Empirical studies

showed that their model more accurately predicted human performance than

did modelo, based on task scheduling theory [PATT833.

2,2.3 Team Resource Allocation Problem

Brown and Leupp (BROWB53 extended the experimental task developed

by PaLtipati, Kleinman, and Ephrath in developing the Team Resource

Allocation Problem (TRAP). The major extension involved adapting the

Wauk for use with groups of three decision makers who were qxpected to

coordinate their responses to the task. All the eventi in a TRAP trial

moved at the same speed and required the same processing time, but

trials could run at different speeds with event processinj time adjusted

relative to the trial speed. TRAP presented a maximum of 11 events on

the screen at a time and expanded the range of event values, (Set

Chapter 5 for a full description of the TRAP.)

In a baseline study using the TRAP, Brown and Leupp detgrmined that

performance of three-person teams was not strongly affected when the

TRAP wal presenbed on one large screen display rather than three

individual CRT's. Although the specific results concerning large screen

ec:hnology was not a concern in this research, the Brown and Leupp study

did establish a research methodology on which additional studies could

be built [BROW85], Continued use of variations on the TRAP throufhout a

series of experiments, with retention of the underlying measuring tools,

overcomes the difficulties associated with a proliferation of measuring

instruments as identified by Jarvenpaa et al. [JARV85].

The environment for decision making in real organizations is not

only dynamic; it is also uncertain. The next sub-section outlines what

research has shown concerning decision making under uncertainty,
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2.3 Decision Making Under Uncertainty

A state of uncertainty exists when a decision maker has incomples

information on which to base the decision, Decisions under uncertAinty

hayv' often been suboategorized as either decisions undur risk or

decisions under uncertainto. Decisions under riek involve knowledge of

Ull the possible decision outcomes and their probability distribution;

dociaJino under uncertainty involve knowledge of all the possible

ecWision outcomes but not their probability distribution CMUIIS8I].

2,3.1 Expected Utility Theory

The dominant theory under which study of decision making under

uncertainty has been conducted is the subjective expected utility model

(SLOV77]. It has bWen used as both a normative and a descriptive model

of human risky choice behavior MKAHHTM). According to the model,

'rational" managers weight the utilities of outcomes by their

probabilities and choose among alternatives on the basis of the highest

expected utility [MUHS81]. Expected utility theory, however, has

frequently been crlticized am inadequate to describe human behavior.

Piople are, for example, systematically biased in their perception of

uncertainty (GRET783.

2.3,2 Human Biases

Human biases result from applying mental operations that simplify

judgments but that also lead to errors. Tversky and Kahneman ETVER743

have identified three such mental operatlons (heuriticaS);

representativeneus, availability, and adjustment and anchoring, The

firit heuristic, representativeness, can lead to errors through

insufficient attention to base rates, sample sizes, or the reliability

of evidence, The availability heuristic biases Judgmenbs ofIprobabilities according to how readily examples come to mind. Finally,

people tend to 'anchor' on and then to make adjustments from some

starting probability estimate, but the adjustments tend to be smaller

than the evidence warrants. Therefore, dilfferent 'anchors' yield

different probability estimates.

2,303 Proypect Theory

In addition to being biased in their judgments of uncertainty,

himina are often inconsistent in their choices. They frequently do not
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th" deiso mae i tocooe

'n. ,. among .... a i ting phase r dte a

Pae obvious opthmal strategie , for risky choice problems s LtTTeOe . To
ecount for human inconsiutencies, Kahneman and •versky [KAHN7Q3 have

proposed prospect theory as in alternative to expected utility theorys
teA rmsofgct is one of the smblesf or probabilistic options from which

Sthe decision maker ii to choose,

According to prospect theory oKA1oN7sb , people go through two phaseS

in chovroeig• mon proypects; ln editie phaSe and then an evaluation

phase, In the editing phaee people simplify the statement of the

prospects through such operations as eodlgt (formulating the prospect in

terms of gitns and i ossel from the current position), roundinl ofr

phiobaeiltiex and outcomes, and dislcrding extremely unlikely OUtcomes.
Iii the evaluation phase, th~e value of eaoh outcome is weighted, not by

the probabilities of the outcomes, but by a decision weight that tends

to overweight very low probabilities and to underweight all other
p:' , ob abjlit ie5,

The combined effects of the edting and evalutation phases oprount

teor many or the inaonsintenoies humans exhibit in risky choices, For

oxainpie, ppospect theory provides an ex t for why humans one

select certain hains over merely probable gains with comparable or even

healuer expected alue a9nd to seleOt probable losses over certain losies

2h,4, Alternative Theories,

Additional theories have been offered as alternatives to prospect.

theory for explaing human lisky choice bihaviory. or example, regret

ar' disappointment theories uach iugesit that the feelinr s one
antcipatou having upon resolution of the gamble are factors in

evaludting the alternatives CLOQMB9, BKLLB2, DEIJL6U, LOOMS9], Regret is

thn feeling an individual has when it appears, after the fact, that he
hA• made the wrong choice (the horse he almost played winS),
visappointment results when outcomes fail to match up to expectations

(hin number wins the lowest prize in a lottery)}, According to resrte

and disappointment theory, then, human inconsistencies in risky choice

behavior can be explained as rational tradeoffs between objective

utility and avoidance of or insurance againut anticipated regret or

d .sripointment,



2.3,5 Risky Oholce Behavior in Grougs

Some early research concerning risky choice behavior in• groups

suggested that groups tended to take greater risks thah the group

menmbers would as individuals, a finding labelled the 'risky shif'

(FISH80]. Subsequent studies, however, failed to support the

geheralitability of the risky shift, Instead, it aeems that groups may

shift ('choice shift' or 'group shift'), but not always in the risky

diroction; factors such as the significance of the choice outcomes

OPP.,•rently influence the direction and magnitude of the shift [MUH61I3.

The diffioulties of making decisions under dynamic, uncertain

conditions call for aids for the decision maker. Among the alternative

docision aids are computer-based graphics and decision heuristics, which

will be addressed in the following two sub-sections,

2,4 Graphic Information Presentation for Decilion Makin&

In reporting on research opportunities in the decision and
management scienues as identified by the National SOien*= Foundation,

Little [LITTS03 included the need to study the effectiveness of

alternative computer-based forms of presenting information, He and

others have noted especially that state-of-the-art computer graphics

technology provides the means and the motivation for research in the use

of color and graphics [LITTGO, JARVYOb, DAVI63],

2,4.1 Tables versus Oraphi

The body of research in the use of business graphics has, in fact,

been growing, Early studies focused largely on comparing the

efectiveness of tabular and graphic presentations of information for

decision support with mixed results [IVESB2, DEBA64], Among the reasons

cMod for the conflioting results are the following IBENBSOB, JARV851;

a, Inappropriate experimental desi•gs

b, Differences in types of graphics used (bar charts, pie charts,

* ~etc.)

c. Lack of either a theoretical or an empirical basis for
hypotheses

d. Task differences

Imp'oved technology, used according to established guidelines for

prepiaring graphics CIVE6O2, OLEV05], can now provide high quality
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graphics for fair comparisons with well-prepared tabular formats. In

addition, reuearohers have started to account explicitly for their

resuarch bases and for the effects of task differences in their results.

2,4.2 Begearch Programs

Researchers have also streamed the importance of studying the use

of graphics in programs of research rather than in one-shot experiments

(BUNaSOc, DIOKSO], Dickson et al, reported on a meries of

experiments using three different tasks; the relative effectiveness of

* , nphical and tabular formats varied with the demands of the assigned

task, They recommended further investigations of task content, task

complexity, and talk structure am dimensions of the task environment a#

it affects the use of graphics EDICKOS). Benbasat et al. also conducted

a series of three experiments, but using a sinle resource allocation

task; their results reinforced the concept that iivformation presentation

needs to be matched with the demands of the, task, In their experiments,

graphical formats allowed faster decision making and were superior for

identifying patterns in the data; tabular formats allowed higher quality

docigions and were superior for identifying specific data values

(BENOB5, BENBS8a, BENBBb, SINBOSc]. In a program of research uling the

TSnam Resource Allocation Problem (TRAP), decision performance using a

gvaphia representation of the talk was found to be superior to decision

performance using a tabular representation of the task, especially under

hi~Ih time stream conditions EWILB87], In that the TRAP is essentially a

monitoring application in which the data presented is inherently

dynamic, theme results support Davis and Swezey's findings that computer

gra phics are particularly appropriate for dynamic data presentation

([DAV1833.

UInce a graphic representation has been established an superior to

Stabular representation for presenting information in a dynamic group
decision task (TRAP), comparisons among alternative graphic

rupvesentations are appropriate. Oraphic representations of information

can vary along a variety of dimensions. For example, Ives EIVESS2]

identified five basic visual input channels available to the human

Si nformation prooessing system: color, relative position, brightness.
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movement, and shape, Appropriate use of these channels has been shown

to aid in target identification, a fundamental aspect of the TRAP.

2,4.3 Feature Integration Theory

Treigman and Gelade's Feature Integration Theory suggests that for

taiaks such as visual search and target identification and localization,

vioual cues that are conjunctions of features (e.g., color and shape)
require focused attention and seem to be processed serially, Cues

hnvi•ng only a mingle feature (e.g., color alone) may be processed in
pArAllel (i,e,, more quickly). Further, when multiple conjunctively

coded objects are presenbed under time oonstraints or when attention may

be diverted, 4n individual may incorrectly combine features of
unattended objects and falsely report the presence of mpecilfied objects

(illusory conjunctions). Thug, especially under conditions when

4ttntion may be diverted or overloaded, subjects perform visual search

taska more quickly and accurately when the objects vary on a single
dimunsion rather than am conjunctions of features [TRIS80, TREI821,

Because other regearcheop had found qualitative changes in

performance on visual tamkm with extonded practice, Treisman and Gelade
examined the effects of practice on searching for conjunctively coded

objects, They found no indication of movement from merial to parallel

procemming over 13 blocks of practice [TREIS0],

Others have tempered Treisman and Uelade's findings. Egeth et al,
Mu~gavt that search for conjunctively coded objects may proceed with an
initial parallel elimination of all objects lacking the more salient
specified feature. A second stage in the search involves serial

exnmination of the remaining objeugt for the specified conjunction of
features [EOETS43. For example, a search for red-A objects may start by

A'. among the red objects. SagS and Jules& agreed that single-featured

object$ are detected in parallel, but they found that precise
identification of a detected object requires focal attention on that

object [SAGIB53. Performance differences, however, depend more on the

time required to locate the object than on the time required to identify
the value of the object ECHRIS3],
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2.4.4 Color versus Letters

Considering only single-featured visual codes, both alphanumerico

and color hcve been evaluated au excellent for use in locating objects,

although alphanumerics are superior for precise identification of the

object [DAVI83]. Resea:oh ham also shown that more distinctive colors

and shapes allow faster search than less distinctive ones; ie,, search

is faster for distinguishing red from green or P from Q than for

distinguishing blue from green or 0 from Q ETRUISO, GHANG21,

A considerable body of research exist$ concerning the relative

effectiveness of visual codes for search and identification tasks,

particularly comparing color to other codes. Christ reviewed 42 studies

published between 1952 and 1973 on the effects of color on visual search

and identification performance. In ten studies on the accuracy of

identifying objpcts in a unidimensional display, letters were superior

to color, and the advantage for letters increased with increases in the

denuity of the display and with decreases in exposure time. On the

other hand, in four studies on the time required to locate objects,

color was superior to letters, although the difference was less than

that found between color and other visual codes (#its, brightness,

geometric shapes, etc.) ECHI175).

In a more recent set of experiments, Ohrimt determined that there

are 'no clear and consistent advantages for any one visual code set over

the others' ECHRIS3, p. 831 Where he found differences in the relative

.jffqctiveness of the codes, they depended on other display conditions

(eg., density of the display), the task, and the dependent measure

used, Differences did exist under those conditions most closely related

to the conditions established for this study; for locating a specified

object among 12 randomly located objects in a display, location times

wov, shorter for colored dots than for letters [CHIRI93, Christ has

Sa•u demonstrated that extended practice with a visual task tends to

attenuate any differences in performance based on use of different

sinrln-featured codes (letters, digits, familiar geometric shapes, and

colored dotg) [CHR175, CHRI83].

Although additional work is required to clarify how best to match

vlual codes with task conditions, appropriate graphic displays of task
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information could contribute to decision making effectiveness. The

decision maker's deoision process, which is also an important variable

contributing to decision making effectiveness, may be influenced by

d'ecision heuristics. Studies about the impact of decision hourimtics on

dociaion making will be addressed in the following sub-section.

2.,0 leuriltics for -egciion Making

A number of *Audies have described the heuristics and biases that

humans typically use in a variety of task aituations [HUBE85; SLOV77].

Much has been written, for example, about human biases in situations

iiivulving uncertainty and our failure as intuitive statisticians.

Humans seek to reduce the complexity in the problems they face throulh

the use of heuristics, which reduce the number of alternatives

coniidered to a manageable size CFULL763.

The heuristics often work well but may lead to serious errors

MKEMOIb3. For example, human preference for simplicity led to

Oub-'ptimality in a study exploring people's choices between conflicting
analyses of a decision problem [KLEIS2a. Klein found that people were

mo:rn confident in their decisions with a simple intuitive analysis than

with a conflicting but mathematically accurate analysis. He called for

additional research on training decision makers to recognize their

biases and to know when to legitimately use heuristics.

(3iven that the heuristics that decision makers adopt are sometimes

biaed, mome effort has been liven to examining the impact of attempts

to reduce the biases. Procedures for reducing human bias are

collectively known as debiasing methods [FISO823. The nature of a

particular debiasing method depends on the perceived source of the bias:

if the bias results from a faulty task, fix the task; if the bias

results from a biased but perfectible decision maker, provide

t'u'ining/feedback [FI0]23. Assuming a perfectible decision maker in a
probabilistic task, training could take the form of providing

prescriptive decision rules, or alternate heuristics, with the intent of

daeopminin# their impact on decision performance.

Cats-Daril and Hluber examined the impact of providing decision-aid

hetuiatics on the performance of an ill-structured career planning task.

The talk required participants to identify career obJectives, generate
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alt~urnative strategies for achieving the objectiveg, and prioritizing

the' alternatives. Some participants were provided with a purpose-

expoinnion heuristic dosigned to increase the number of objectives and

alturnatlves considered and to explore the alternatives more thoroughly.

Participants wi+.h heuristics performed better both on objective measures
of the number ý: iisuus addressed and on expert evaluations of the

qtiality of the plansu produced. The researchers called for additional

stý;Iiea on the impact of different types of heuristics on tasks with

ditteorant levels of structure (CATS071.

Johnv~n and Payne hav'e defined risky choice heuristicm as rules

that, systematically gimplify the choice among alternatives by
disregarding some elements of the problem space (ignoring some

alteriiativeg. selectively examining outcome$, ignoring some event

Sinformation, etc.). Different heuristics are based on different

simplifications of the choice. Using computer simulation, they compared

six heuristics under a variety of conditions for their accuracy
(conformnity to a choice using expected value) and mental effort

required. Their data suggested that 'hourigtics, in at least some task

environments, can approximate the accuracy of normative rules with
Nubuitantial savings in effort' (JQHN65, p. 408).

Klhinmuntz CKLE165J also used computer simulation to study a

variety of heuristics for medical diagnosis. He determined that the

relative performance of the various heuristics depended more on time

pressure and feedback on the outcome of previous treatments than on

factors such as disease base rates. Kleinmuntz concludes in part that

additional research is needed on how task knowledge is acquired and how
heuriutics are selected.

Arkes at &I. studitd conditions under which individuals would

choose not to use helpful but imperfect decision heuristics in a
*probabilistic task. In one experiment, subjects were told (correctly)

thnt uding the heuriatics provided would result in 70 percent accuracy
in their Judgment#. Those who were warned that deviating from the

hou.ristic would result in degraded performance and who received no

monetary incentives for performance did best, matching the 70 percent

neccurac~y level, Those who were encouraged to try to improve on the
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heuri•Lic or who received monetary incentives for performance deviated

from the heuristic and Judged loom accurately. Those who received no

imm:lediate feedback on the accuracy of their Judgments also outperformed

thone who did receive feedback; feedback about an incorrect Judgment

tended to cause deviation from the heuristic and degraded performance on

tho following trial, In a second experiment, the heuristic provided

,'oulted in 75 percent accuracy. Thole who had expertise in the talk

context (or who thought they did) tended to use the heuristic less and

to perform worse than those without expertise [ARKESO),

2.6 Summary of Relevant LIterature

Group decision processes vary depending on the talk. The group

docision process that best fito actual group performance for dynamic
inroillective tamko of the sort used in this research is 'truth,

supported, wine' EMCOR023. Uncertainty in the task affects group

dec.ision performance in that people are biased in their perceptions of

uncetainty, and they tend to adopt lens than optimal strategies for

risky choice problems tLITTSO0. Debiaming methods, such as providing

tawk training using decision rules (heuristics) , lead decls ion groups to

adopt more appropriate decision strategies, and thus positively impact

decision performance EFIS0923,

A considerable body of research ham focused on supporting decision
making through the presentation of information via computer graphics,

Research results, especially from early etudies, have been mixed, but it

is clear that task differences have an impact on how effectively
gra•phics can be used to support decision making EDIOKS03. A &raphic

repremenbation has been established as superior to a tabular

trippedenhat~ion for presenting information in the experimental taskI choen for this research (WIL1SS73, Feature integration theory suggests

that varying the nature of the graphic representation used in the task

0 tahould impact the information processing demands on the decision makers
andJ thus impact group performance ATRISO, TRE1923.

The literature cited in this chapter provided a general foundation

f~r. Wehi study, More specific ties between the literature and the
hypothoese for this research will be identified in the following chapter,
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3.0 CONCEPTUAL MODEL, VARIABLE SELECTION, AND RESEARCHI HYPOThIESEP

The reviewed literature nets the foundation for developing a

conceptual model of the research islues to be addressed, for selecting

specific variables to Itudy, and for Identifying research questions

about how the variables are related. The first section of this chapter

explatns the conceptual model; it is followed by a section providing the

rationale for choosing variables, (A discussion of how the variables

are operationalized follows in Chapter 4.) The third seation of this

chapter identif 1. the research hypotheses,

3.1 Conceotual Model

A visual representation of the conceptual model is presented in

Figure 3,1 The decSLion- eaironment includes the nature of the decision

task as well as the physical and social features of the context in which

the docision is made. Theo'roun decision urocett, at the heart of the

model, entails the got of procedures by which the group operates on the

available information to arrive at a decision. Variations in the

content, time of presentation, preSentation form, and other features of

the jnfotmtlgn available to the group may Impact the decision process.

The decision process adopted may also be influenced by the presence or

absence of a decision strategy suggested by outside sources (management,

regulatory agencies, etc.). Decision outcomes include the choicae made

along with the feelings and perceptions of those involved in making the

decision, The model elements are addressed further in the following

subsections,

Decision Invironment

I fo i 3on onDepu Mdona o

•~DecisionlV

SiDeailiov

[ou~toom,, i

FIGURS 3.1. conceptual Model
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3.1:1 De.igion Environment.

As indicated in Chapter 2, task differenoes have had a major

influence on research results, The experimental talk used in this study

wau a dynamic intellective task involving uncertainty and various levels

of time premsure, All alternatives preuented to the decision making

group represented potential gains (no risk of lose), mome of which were

certain and some probabililtic, A detailed description of the task in

included in Chapter 4.

The physical features of the decision environment (lighting,

seating arrangement, equipment layout, etc,) were oontrolled. The

social context wag controlled only to the extent that each group

received the same task orientation, had the same opportunity to

communicate, and interacted with the game researoher, No attempt wag

made to constrain the composition of the teems in terms of perbonality,

S aptitude, etc,

3,1,2 group Decision Process

Huber has reviewed several models of group decision behavior which

could explain the process of group decision making [HUS1813. The

rational model is baled on an agiumption that group members use the

available information rationally and make their decisions on the basis

of the expected utility of the alternativel to the group al a whole.

The expectation under a second model, the political/competitive model,

is that the group members act ad individuals who enter the decision

making process with the intent nf influencing the group for their own

benefit rather than that of the entire group, A third model, the

garbage can model, vmphasilme chance and timing in the decision making

proce.el It Otted that decisions occur at the interseotions of

problems looking for solutions, solutions looking for problems, and

decision makers looking for opportunities to make decision#. Finally,

the program model holds that decision$ are the natural consequences of

exilting group standards and norm and the background, training, and

biame# of the group members.

All but the program model were discarded for use in the conceptual

model to describe the group decision process. First, as indicated in

Chapter 2, decision groups tend not to behave rationally, especially
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under conditions of uncertainty. Next, since performance wag-.cored

only on a team basis, there was nothing obvious to be gained by any

individual from a competitive/political approaoh to the talk, Finally,

.* over the course of this study, each team experienced comparable effects

of chaice and timing on their decision alternatives, so any differences

in decision outcomes could not be explained by the garbage can model,

The suggested decision strategy used in this study was designed to

overcome group member biases (ea.., bias toward certain gains over

uncertain gains of equal or higher expected utility) in performing a

particular dynamic intellective task, This research attempts to show

that the decision processes of teams without the suggested decision

strategy may be described using Huber's program model and that use of

the suggested strategy changes decision processes by overcoming biases,
t-3,1.3 Information

Information' content, availability, and presentation media were held

constant for all groups in this study, but information presentation form

varied, A presentation form that places lower demands on the group's

information processing capaoity than another form should reduce the need

for task training, Aiding the identification and location of high value

alternatives through appropriate presentation form may also help to

overcome some biases, Information presentation form, then, may

influence the group decision process and ultimately have an impact on

decision outcomeS.

. Hackman and Morris propose that the group strategy for carrying out

a task (the collective choices made about how the group will proceed)

controls a major portion of the variation in group decision performance.

A team may either implicitly or explicitly develop itw own strategy,

which could be either a good or a poor strategy, or it may adopt a

strategy developed outside the group (imposed by management, recommended

by consultants, etc.) IHACKO3). A suggested decision strategy that is

adopted by a group constitutes a direct intervention in the group

decision process. If Huber's program model holds, the intervention

could affect the decision process by overcoming biases of group members

and setting new group norms,
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3.1.5 Decision Outcomes

The most obvious outcome of the group decision proces' is the

decision itself. Ohervany, Dickson, and Kozar [DIOK77] gugSest that the

effectiveness of the decision process may be measured in terms of

decision quality, cost, profit, time, etc. For the dynamic intellective

task used in this research, the primary measure of decision

effectliveness was a composite of the correctness and timeliness of

decisions. Other decision outcomes include developed or revised

decision strategies, evolved patterns of communication and influence

among the group members, individual perceptions of the task and of other

group members, and so on, For this investigation, particular attention

was paid to perceptions of the workload imposed by the task,

The elements of the conceptual model and the relevant literature

suggest a met of possible research variables, The variables chosen for

M this study are identified in the next section,

3.2 ExUerimental Variables

Figure 3.2 categorizes the experimental variables as independent,

dependent, or controlled. The variables in each category are addressed

in the following subsectionS.

3.2,1 .ndegendentVariablo.e

Ohervanyo Dickson, and Rosar identified a set of independent

variables that have an impact on decision quality. The independent

variables include the decision maker, the decision environment, and the

characteristics of the information system used to support the decision

process IDICK77, IVES80], The group decision process itself has Ilso

been identified as an impoitant variable often ignored in MI8

experimental research (BENB94]. As indicated by the research purpose

statement provided in Chapter 2, this study is focused on facilitating

decision performance through graphic information presentation and
decision heuristics, In other words, the primary independent variables

inivolve the information presentation form (a characteristic of the

information system) and a suggested decision strategy (a direct

intervention in the group decision process). Two additional variables

suggested by the literature were time stress and practice,
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INDEPENDENT DEPENDENT
VARIABLES VARIABLES

Information Decision
presentation ,V quality
form

SEXPERIMENTAL Perceived
Suggested TASK workload
decision
strategy

Time stress

Practice

SGroup Decision physical Information
six*' objective environment content, *to.

CONTROLLED VARIABLES

FIGURE ,.2. Experimental Variables

3.2,1.1 Information Presentation Form. Two distinct contrasts relating

to information presentation form are addressed in this study. First,

based on feature integration theory, single-featured codes are

contrasted with codes that use conjunctions of features. Feature

integration theory indicates that performance on a visually oriented

task involving location and identification of objects varies with the

form in which the objects are presented [TREIBO], Specifically,

periormance using conjunctively coded objects differs from performance

using single-featured objects. The second contrast addressed by this

study is between two single-featured visual codes. Christ and others

have shown that object identification performance varies with

differences among single-featured coding schemes [CHRI7, CHRIB3,

IVES82]. To examine both contrasts in this study, information

presentation form was varied between groups, each decision making team

receiving information presented via a color (single-featured), an
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alphabetic (single-featured), or a combined color and alphabetic

(conjunctive) coding scheme.

3.2.1.2 Suggested Decision Strategy. For this study, half of the

groupa were left to develop their own strategy and half were provided

with and encouraged to use an experimenter-developed strategy. The

suggested strategy took the form of a set of four decision heuristics

(see Chapter 4) which should lead to consistently good, although not

necessarily optimal, performance on the task.

3.2,1.3 Time Stress. Previous sbudies using very similar experimental

tasks have shown that performance declines under increased levels of

time stress CBROW85, WMLU87M, Time stress should have the same effect

in this study, The real intent in including time stress as a

variable, however, is to examine its interaction with the primary

independent variables, information presentation form and suggested

decision strategy. Are performance differences associated with

variations in the primary variables any more or less evident under

various task conditions? One mechanism for increasing attention loads

(task difficulty) in a visual identification task Is to increase the

speed at which objects are presented (increase time stress). This study

compared performance within groups at two levels of time stress. The

rate at which objects were presented in half of the experimental trials

was twice as high as in the other half; the sequence of high stress and

moderate stress trials was randomized.

3.2,1,4 Practice. According to the Power Law of Practice, mental task

performance improves with practice. More specifically, the greatest

improvements are achieved in the early stages of learning with

performance leveling out over time COARDS31. Performance on the TRAP,

then, should improve with practice, especially in early sessions, as it

has in previous related studies [BROW85, WILSS7I. Because of the

potential effects, there have been calls to include practice or learning

as an independent variable in graphics research (JARV6Ob3. As was the

case for the time stress variable, however, the practice variable IN

included primarily to examine its interactions with the presentation

form and decision strategy variables,. In this study, each team

completed a training selsion and a total of 32 experimental trials
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arranged in 4 sessions of 8 trials each. The design provided kfor a

within-group assessment of practice effects over the four experimental

mon ions.

3,2,2 Dependent Variablee

The decision outcomes of interest in this study were decision

quality and perceptione of workload. For the dynamic intellective task

used in this regearch, both decision correctnvol and decision making

time were refleoted in measures of decision quality. Peroeptions of the

workload imposed by the task were captured in termg of perceived time

gtreqg, mental effort, and psychological stream.

3,2.2.1 Decision Quality. High quality decisions in performing the

experimental task depend on both speed and accuracy in identifying and

committing resources to high value events. Therefore, performance was

measured in terms of efficiency (fcores amassed in given amounts of

time), Specifically, two types of decision quality gooren were examined

and compared across treatments: ratios of the average point# earned by

the teams to the points earned by a "model" decision maker and

proportions of various types of events completed.

3.2.2.2 Perceived Workload. Data on perceived workload was collected

uning the Subjective Workload Assessment Technique (SWAT) (mee Appendix

A for a degorjition of SWAT). Immediately following each experimental
trial, each participant rated the trial in terms of its time Stries, its

demands on mental effort, and its psychological stream (level of

confusion, distraction, etc.). The three ratings were weighted and

combined to form an overall measure of perceived workload. Individual

SWAT Nsores were then averaged to generate a group measure of perceived

wvrkload; team data was compared acrosn treatmentn.

3,2,3 Controlled VAriablea

Some variables that were not chosen as independent variables for

this study are known to affect group decision performance. Those

variables (group gise, the decision objective, the physical features of

the task environment, and the information provided to the decision

makers) were controlled to minimize their influence on the group

decision procesn.
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3.2.3.1 Group Size. Uroup size wan held constant at three iuidividuali

per team.

3.2.3.2 Decislon Objective. The decision objective (the purpose or

goal toward which decision makers direct their decision behavior) is a

variable that can influence the decision process (CLAR033. The decinion

objective in the experimental task was to maximize total pointi earned

by the team. A statement of the objeotive wan included in the training
provided to all participants ($ee Chapter 4),

3.2,3.3 Physical Environmen. The lighting, seating arrangement, and

phymiaRl layout of the experimental facility was identical for all

teamM.

3.2.3.4 Information Content, Availability, ond Presentation Media.

Huber liet$ the following data requirements for rational deciuion making

EHUDBEI]:

S-- What are the alternatives?

-- What are the future conditions that might be encountered?

-- What are the probabilities of the future conditions?

-- What are the criteria to be used in evaluating alternativeu?

-- What are the relative importances ofthe various criteria?

-- What are the payoffs, or costs, associated with varJouI
outcomes?

"-- What are the constraints on the payoffs or costs?

Presentation forms varied, but the content and timing of information to

meet each of the requirements wag the name for all groups in this study.

The experimental task wag presented to all teams via individual CRT's.

Event nequences were randomized, but the number of events per trial and

the mix of event typen was constant for every trial and wag identical

for &ll teams,

3.3 Research Hypeothese

The preceding section on experimental variables identified

information presentation form and decivion strategy aS the primary

independent variablen in thin research. Tho pian for the renearch wan

to measure the effect of varying those factors on two decision outcomesI

decision quality and perceived workload. The following subsections

provide vots of hypotholen that anticipate the effects of each of the
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independent variablen and thoir key interactions on decision quality and

perceived workload. The hypotheses in station 3.3.9 address a comparison

of the effects of information presentation form and suggested decision

strategy on decision quality and perceived workload.

3.3.1 Effects of Information Pregentation Form

Experimental comparisons among a variety of Information

presentation forms are valuable in that the results lead to practical

guidelines for system development. This research compares the impact of

three coding bohemesi two sinSle-featured schemes (color and

alphabetic) and a conjunctive scheme (combination of color and

alphabetic), A clear advantage for one soheme would lead to

recommendations for that scheme in designing systems for team decision

making in similar decision environments. If no clear difference among

the sohemes emerge., system designers have a more open choice, The

following two subsections present hypotheses concerning the effects of

information presentation form on dealcion quality and perceived

workload,

3.3.1.1 Information Presentation Form and Decision Quality. In tests of

a feature-inteSration theory of attention, performance on visual tasks

involving location and identification of objects wag altered by changing

the features used to distinguish objects in the visual display (TREIGO].

The iheory suggests that people perform visual search tasks more quickly

and accurately when the cues vary on a single dimension rather than an

conjunctions of features, The symbols used to represent events in a

baseline study using the Team Resource Allocation Problem (TRAP)

9BROW895 appeared as conjunctions of separable features (shape and

color), If, instead, symbols were to vary within a single feature

(e.g,, color) teams should be able to recognize events without having to

focus attention on each symbol serially, Therefore, they should

0 identify and choone the most beneficial events more readily and achieve

higher scorei than those teams who must attend to conjunctively coded

symbols,

In a review of color coding research, Christ ECH0R175 examined the

results of a number of studies that reported data on the accuracy and

speed of identifying single-featured stimuli, He concluded that color
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is superior to size, brightness, and shape but inferior to lettlrs for

accuracy in identification tasks. On the other hand, color provided a

pieed advantage over letters for locating objects in a display, Christ

later confirmed that location times were shorter for colored dots than

for letters in dense displays (12-object displays as contrasted to 4-

object displays) (OHR183]. Since performance in the TRAP depends on

both accuracy and sneed in identifying the event symbolso the results

reported by Christ provide no clear expectation of an advantage in TRAP

performance for either alphabetic or color coding.

The combined expectations for the effects of information

presentation form on decision quality based on feature integration

theory and the results of previous research with sintle-featured visual

codes may be stated in hypothesis form;

HiM, The quality of team decisions in the TRAP will be higher
for teams confronted with single-featured (either alphabetic
or color-coded) event symbols than for teams confronted with
events represented by conjunctions of features, However,
there will be no difference in decision quality between teams
using an alphabetic coding scheme and tears using a color
coding scheme,

3,3,1.2 Information Presentation Form and Peroeived Workload, Because

operators tend to adapt to tasks and hold performance constant over a

broad range of condltions,° LEMASO, p. 039] performance measures may

not reflect 4he full impact of the information presentation form

treatments. Although performance differences may be minimal or

nonexistent, however, the subjects may still perceive differences in

mental workload. SubJective measures of mental workload have been shown

to be sensitive to objective changes in task workload LLMAMI2.

Therefore, they represent alternative and potentially more sensitive

measures of the impact of differences in information presentation
treatments in the TRAP.

Since subjective workload measures are alternate measures of the

same effects rather than measures of different effects, it is assumed

that factorg that lead to better performance should also lead to

perceptions of lower workload. Specifically, since feature intoeration

theory states that people perform visual tasks more quickly and

accurately when the cuts vary on a single dimension rather than as
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conjunctions of featurus, it is reasonable to expect that people.uging

single-featured cues would also perceive lower levels of mental

workload, Since color and alphabetic coding schemes seem to trade off

speed for accuracy in visual search tasks, no differences in perceived

workload are expected between the two sinSle-featured coding schemes.

Thus, the following hypothesis concerning perceived workload parallels

that concerning team decision qualityi

Hib. The perceived workload in the TRAP will be lower for
teams confronted with lingle-featured (either alphabetic or
color-coded) event symbols than for teams confronted with
events represented by conJunctions of features. However,
there will be no difference in perceived workload between
teams using an alphabetic aoding scheme and teams using a
color coding scheme,

3.3.2 Effects of Sufgested De•i•ion Strategy

Debissing methods (techniques for reducing human bias in decision

making) include providing training for the decision task CFISCQS2.

Providing decision-aid heuristics as a form of task training has been

shown to improve decision performance on an ill-structured career

planning task ECATS6BT. As an intellective task the iTRAP is & task

with demonstrably correct choice$ CM0GR94]. Prescriptive heuristics for

the TRAP were developed to overcome specific biases evident in the

performance of previous participants in the TRAP (see Chapter 4); i.e.,

the heuristics lead the decision makers to recognise the demonstrably

correct choices. The following two subsections present hypotheses

concerning the effects of a suggested decision strategy in the form of

decision-aid heuristics on decision quality and perceived workload.

3.3,2.1 Sugiested Decision Stritetv and Decision Quality, It has been

shown that, for intellective tasks, the best-fitting model of a decision

rule is 'truth supported winso (if at least two group members recognise

the right answer, the group will accept it As correct) tMOCRO43.

Providing decision heuristics should increase the probability that at

least two group members will recognize the correct choices in the TRAP

and should lead to improved decision performance.

An indirect benefit of providing decision heuristics follows from

the explicit attention paid to a decision.strategy. Hackman and Morris
propose that the strategy (the collective choie$ ae de about how theII



group will proceed) used by group members in carrying out the task is a

variable that controls a major portion of the variation in group

decision performance. There seems to be a pervasive norm, however,

against explicitly discussing the group stratogy in spite of the fact

that group performance seems to improve with explicit attention to the

strategy [HAOKS3]. Providing a met of decision heuristics to a decision

making Sroup and encouraging a disoussion about the heuristics should.

therefore, lead to improved decision performance.

HUa(l), The quality of team decisions in the TRAP will be
higher with provision and discussion of decision heuristics
than without provision and discussion of decision heuristics.

A particular aspect of decision qualjty of special interest to this

study is the quality of decisions made under uncertainty. (Note that

this aspect of decision quality was not addressed in the discussion

about the effects of information presentation form, Bince uncertain

events in the experimental task are presented to all decision teams in

identical formats (see chapter 4), there should be no presentation

impact on decisions %bout uncertain events.)

,Expected utilii0y theory states that rational decision makers, given

the possible payoffs of the alternatives and the probabilities of

various stated of nature, choose among alternatives on the basis of

expected utility (the product of the probability of an outcome and its

potential utility) [KAhH79]. In a number of studies, however, decision

makers have tended to favor certain outcomes over merely probable

outcomes with equivalent or oven higher expected value (an aspect of

prospect theory) EKAHN79]. Prospect theory, then, would suggest that

teams would undervalue uncertain events in the TRAP. The 'choiae shift'

phenomenon in groups, the tendency for groups to gamble more or loSe

than their individual members would in making the same decision CFISHOO,

MUIIS8l], suggests that teams could either undervalue or overvalue

RM uncertain events in tho TRAP. The direction of difference, therefore, is

difficult to predict. In the absence of provision and diScuSsion of

decision heuristics, however, teams should seek additional information

about and then commit resources to uncertain events in the TRAP at a
rate different from that anticipated under expected utility theory.

Since the heuristics provided as a suggested decision strategy are based
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in part on expected utility theory, however, teams receiving and

discussing the heuristics should choose to commit resources to uncertain

events according to expected utility theory,

HUMa(). Without the provision and discussion of decision
heuristics, teams will seek additional information about and
commit resources to uncertain events at a rate different from
that anticipated according to expected utility theory. With
the provision and disoussion of decision heuristics, teams
will seek additional information about and commit resources to
uncertain events according to expected utility theory.

3.3.2.2 SuALested Decision Strategy and Perceived Workload. Since the

suggested decision strategy is expected to increase the probability that

at least two group members will recognize the correct choices and since

the group will know that they share a common strategy, teams receiving

the heuristics should perceive a lower level of workload in the TRAP.

H2b. The perceived workload in the TRAP will be lower with
provision and discussion of decision heuristics than without
provision and discussion of decision heuristics.

3.3.3 Effects of Time Stress

Among the dimensions on which a decision task can vary are task

content, task difficulty, and task structure tDZOKO3. For this

research, common task content and task structure were maintained for all

participants in all sessions, In order to detect some of the influence

of the task environment on performance, task difficulty was varied. One

mechanism for increasing talk difficulty in a visualidentification task

is to increase the speed at which objects are presented (increase time

stress).

3,3,3.1 Time Stress and Decision Quality. Previous studies using very

similar experimental tasks have shown that performance declines under

increased levels of time stress (BROWBO, WILSS71. Time stress should

have the same effect in this study,

HUa. The quality of team decisions in the TRAP will be higher
under moderate time pressure than under high time pressure.

3.3,3.2 Time Stress and Peroeived Workload. Particularly since one of

the three components of the workload measure used focuses on time

stress, perceptions of workload in the TRAP should increase under

increased time stress.
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H3b, The perceived workload in the TRAP will be lower undet
moderate time pressure than under high time pressure.

3.3.4 Effects of-Practice

Because of the pobential effects of learning on task performance in

taik9 using graphic repregentationu, there have been calls to examine

practice or learning effects in graphics remearch tJARVS6b).
Participants in this atudy completed a total of 32 experimental trials,
providing opportunity to detect the impact of learning on performance,

3.3.4.1 Praiice and Deoigion Quality, According to the Power Law of

Practice, mental talk performance Improve# with practice, More

specifically, the greatest improvements are achieved in the early #tales

of learning with performance leveling out over time (0ARD831.

Performance on the TRAP, then, should Improve with practice, especially

in early sessiono, as It has in previous related studies CDROW8b,

WILS67?]
Mda. The quality of team deoiions in the TRAP will Improve
with practice, empecially in early enseions.

3,3.4,2 Practice and Perceived Workload. With practice, decisions in

the TRAP should become relatively routine. Perceptions of workload,

then, should decrease at a decrealing rate,

H4b. The perceived workload In the TRAP will decline with
practice, especially in early seselons,

3.3.5 Interactive Effegtg of Time Mtremo and Informalion Preenltation

One primary intereot in examining the effects of time stress in

this remearch coensora the interactive effects of time stress and

information presentation form. The impact of information presentation

form could vary depending on task difficulty, operationalited in this

study as time stress,
,3.3.5. Time Strong~/nfreIl PreqtMalo PmAnd D9211,10n Q ..i•,

Since time pressure would constrain the time available to focus on

individual symbols, teams that can recognize Nymboll in parallel should

have an increasing advantage am time pressure increase# over teams that
must attend to symbols serially. Treilman and Gelade also report that
operating with con~unctively coded objeat under time constraints leads

to false positive errors (illusory conjunctions) (TRE1601, Therefore,
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the advantage of smnjis-le,,ured symbols over conJunctively cooded

symbols should be more proneuncRa when time pressure inoreavem,

Christ [CHRI751 ..oiavi4d tý%% %he relative effeotivenes of

single-featured (color and aiph-.nui.oric) symbols for acguragy in

identifLoation tasks varied wiih ask difficulty, For example, the

accuracy advantage for alphanumeric m1umbLWd increases with Linreaest In

the number of stimuli to be iditiffes and with degresaes in exposure

time, The IgJA advantage for locating Wrmots over locating letters,

however, should also be more intense under hi4h time pressure, Since

there are offsetting foroes assoviated with time pressure, it is

reasonable to expect that the relative eflitct.venel of alphabetioclly

coded symbols and color coded symbols in t.. TRAP should not vary with

increased time pressure,

lHU, Time pressure and presentation trteatmrt will interact
much that the advantage of single-featured coding over
conJunctive coding for decision quality wil! be greater under
high time pressure than under modera~e time pressure.
However, the relative offeotiveneos of alphabeati and color
coding for decision quality will remin the aamu whether under
high or moderate time premssreo

3.3.5.2 ?1e l *tress/Informatlon Pre-entatlon Jjrm and Perceived

Worklo&J. The strain of attempting 0o serially attend to each symbol

under increased time pressure should effect the workload perception$ of

teams using conjunntively coded symbols, Therefore, the advantage of

single-feestued symbols over conjunctlvely coded symbols should be more

pronounced when time pressure increases, Offsetting forces relating

time pressure to slngle-featured codes, however, lead to an expectation

that any differences in workload perceptions between teams t•lJnt

olphabstically coded symbols and teams using color coded symbols will

not vary with increased time pressure,

M. Time pressure and presentation treatment will interact
m such thAt the advantage of single-featured coding over
conjunctive coding for perceived workload will be greater
under high time pressure than under moderate time pressure.
However, the relative Impact of alphabetic and color Coding on
perceived workload wJll remain the same whether under high or
moderate time pressure.
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3.3.6 Interactive Effects of Preatice and Information Fromentatign Form

,As was thl case for bime Iressl, a primary interest In examining

the effects of praoctoe in thls research concerns the interactive

effects of practice and information presentation form. Practice could

mediate the impaot of information presentation form on performance and
perceived workload,

3.3.6.1 Practice/Znformabon Presention Form and Decision Qualiity,

Because other researchers had found qualitative changes in performanoe

on visual tasks with extended pracbtie, Treidman and Gelide examined the

effett s of practice on searching fop conjunctively coded objects. They

found no indication of movement from werial bo parallel processing over

13 blocks of practice ETfKI80)3 Therefore, performance difference$

between conjunctive and linSle-feabured coding schemes should remain

constant even with extended pracbice.

On the other hand, Ohrist hag demongtrabed that extended practice

with a visual bask tends be abbenuabe any differences in performance

based on use of different gingle-feabured codes (lebters, digitS,

familiar geometric shapes, and colored dots) OCKR175, 0HR13). In other

words, alkhough no overall difference in performance hba been

hypotheasied between the alphabetic and color coding schemes, any

differences thab might exisb during early experimental Sevsions would be

atteituated with practice.

1HU. Practice and presentakion treatment will interact such
that any differences In the relative effectiveness of
alphabetic and color coding for decision quality will
attenuabe over the four experimental sessions. However,
differences in the relative effectiveness of conjunotive and
single-feoabured coding will remain constant over the four
eo;perimental $lesions.

3.360.2 Prao ie/infor•mabion. resegnation Form and Percoived Workload.

If the mechanism by which people must Identify conjunctively coded

symbols (serially attending to each symbol) does nob vary with practice,

it is likely that differences in workload perceptions between those

using conjunctive and those usin# single-festured schemes will nob vary

with practice, On the other hando practice should make uteri equally
uomfortablo with any single-featured codint schome, ottenuatin$ any
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HOb, Practice and presentation treatment will interast such
that any differenoes In perceived workload asuooiated with
alphabetic and color coding will attenuate over the four
experimental sessions. However, differenced in perceived
workload ausociated with conjunctive and mingle-featured
coding will remain constant over the four experimental
seslions,

3.3.7 Interaclive Effectin of JIM* ftares and SMuAeeted Docilion

Time stress, am a component of talk difficulty, Is expected to

intersct not only with information presentation form but with the

sutgested decislon strategy. The impact of the suggested decislion

strategy could vary depending on the level of time. StreSS,

3.3,7.1 Time Stresn/Suggested Deginion UtrXefvy And Declsion Quality.

The provision and discuasion of heuristics should routinize some

denisions or establish an efficient proesse for making decisions.

Therefore, heuristics should be even more beneficial under high time

stream than under moderate time stress.

HWa, Time pressure and heuristics treatment will interact
such that the differenoce in deoision quality related to
heuristics treatment will be preater under high time pressure
than under moderate time pressure.

3.3.7.2 Time Streu/Juguiested Dvaigion Strategy and Perceived Worklo•A.,

Amsumlng that the heuristics provided are simple and limited inl scope go

as not to induce streol themselves, routinizing decisions through

provision and disousuion of heuristics should reduce workload

perceptions even more under high time streu than under moderate time

stress,

H7b. Time pressure and heuristios treatment will interact
ouch that the difference in perceived workload related to

'heuristios treatment will be prester under high time pressure
than under moderate time presoure.

3.3.0 Interactive Effects 9| Practise and Oguseted Deociion Strateuy
Along with examining the mediating effectd of practice on the

impoct of information presentation form, this study addresses the

interactive effects of practice and the muuganted decision strategy.

3.3.9.1 Protigoe/Ougiested Deoilion Strategy pnd Deoiion QualltY,

Extended practice with the TRAP should allow teamm to discover and adopt

on their own strategies that approximate the benefits of the duggelted
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docision strategy, If no, performance differences between Lteamg

operating with and those operating without the suttested decision

strategy would attenuate with practice.

He&. Practice and the suggested decision stratogy will
interact such that the advent&$e with provision and discussion
of decision heuristics will attenuate over the four
experimental sessions.

3.3.8,2 Practice/DSugesbed Deoilion Str.tý*vy and Perceived .orkload,

As teams without the suggested decision strategy discover and adopt

strategies that routinize decigion-makin$, their perceptions of workload

should approach those for teams with the suggested decision strategy,

HOb, Practice and the suggested deulsion Strategy will
interact suoh that differences in perceived workload between
teams with and those without provision and discussion of
decision heuristics will attenuate over the four experimental
sessions.

- 3.3.9 Relative Effects of Information Prefentation-Form and Sudtested

Decision Strategy

While there have been studies about the effects of various

presentation forms and others about the effect# of suggested heuristics,

there is very little research evidence concerning the relative impact of

presentation form and heuristics, Oats-Daril and Huber examined the

effects of decigion-aid heuristics on decision quality in an ill-

structtired career planning task, In their study, use of a heuristic had

a positive impact on decision quality, but computer delivery of decision

aida, as opposed to pencil-and-paper delivery, had no effect ICAT897I.

Oiven the limited theoretical and research bails for prediction, the

hypotheses addressing relative impact are stated here in the null form,

*3.3.9.1 Information Presentation Form vo- SuNested Dveoivin Otrately
and,.Decigion Ruality,

Hga, The magnitude of impact on deolsion quality related to
information presentation form and to the suggested decision
strategy will be the same,

3.3.9.2 Information Ptrelntation Form vs SuAvoeted DecliNon Stra§teA

and Ferceiv~d Workload.

Hgb, The magnitude of impact on perceived workload related to
information presentation form and to the suggested decision
strategy will be the mame,
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3.4 Summiary of llypothegeg

The hypotheses for this regearch predict that information

presentation form, suggested dealigon strategy, time pressure, and

practice each have an impact on both decision quality and perceived

workload in a dynamic group decision task involving uncertainty. The

two primary independent variables, information presentation form and

suggested decision strategy, are hypothesized to have equal impact on

decision quality and perceived workload. Time stress and practice are

hypothesized to have a modifying influence on the effects of information

presentation form and suggested decision otratcjy. The next chapter

explains the context in which the hypotheses wers tested by deacribing

the experimental task and the procedures followed in conducting the

research.



4,0 RESEARCH ENVIRONMENT AND METHOD

Because of the importance of task variables in experimental

research, the first section of this chapter is devoted to a description

of the experimental task used in this study, the Team Resource

Allocation Problem (TRAP). The second emotion outlines the methods

followed in carrying out the study.

4.1 Experimental Task

This research is part of a series of experiments conducted at the

Harry 0, Armstrong Aerospace Medical Research Laboratory (AAMRL) at

Wright-Patterson Air Force Base, Ohio, under the overall title, 'The Use

of Team Technologies to Enhance Multi-Human Decision Making.' The

purpose of the research program is to understand the variables that

influence small group decision making in an Air Force command and

control getting, Command and control decision making, which is closely

related to performance review and monitoring, is among the tasks for

which empirical research concerning the usefulness of graphic displays

is most lacking [JARVO0b], The Sgried of experiments at AAMRL uses

variations of a dynamic group choice task called the Team Resource

Allocation Problem (TRAP).

4,1,1 Team Resource Allocation Problem (TRAP)

The TRAP was designed to simulate both the individual cognitive

processes and the small grotu, interaction processes involved in making

command and control decisions. It was derived from the task used by

Pattipati, Kleinman, and Ephrath [PATTO3] to study dynamic individual

decision making, The TRAP is intended to be a general problem,

adaptable to a variety of research objectives.

In its current form, the TRAP is designed for three-person teams

who are seated slide-by-side and allowed to communicate freely. Figure

4.1 depicts the seating arrangement, Each team member has a four-button

control box, which is illustrated in Figure 4.2, Identical TRAP

displays art prevented simultaneously to each team member via Silicon

Graphics 2400 RGB high-resolution computer graphics work stations.

Figure 4.3 portrays a TRAP display at a discrete point in time as it

might appear using the alphabetic treatment.
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FIGURE 4. 1. Seating Arrangement

U P

RESET UU START

EDOWN

FIGURE 4.2. Control Box

4.1.2 TRAP Events

Am many as 11 events may be portrayed at a time, each appearing on

aseparate row in the TRAP dimplay. A team earns points by committing

its reuouroso to an event or events for the required period of time. AN

briefed to each team during a training inession (moo Appendix B) , their

obJective for the THAP is

to accumulate au many points as posnible jj_ team. This
means disussiung alternatives with the other members of the

team in order to make optimum selection of events. As thereI 43
"Mo
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will be more events than the team can possibly process,
combinations of events should be selected which optimize team
performance and total point count.

Events are represented Symbolically on the TRAP display. Each new

event is assigned randomly to an available row in the displayl its

symbol appears initially Just to the right of column 0 in its assigned

row. The event symbols move across the display at a common, steady rate

until they disappear from the right side of the Noreen,

4.1,2.1 TRAP Event Timing. -An event symbol appears on the display for

a total of 30 time units, and teams are required to commit resources to

an event for 10 time units to earn its points. Under the high time

straes condition a time unit is 1 second with a now event symbol

appearing every 2,72 seconds; under the moderate time stroes condition a

time unit is 2 seconds with a now event symbol appearing every 5.45

seconds. Pilot studies revealed that a 2-second time unit allows good

teams to approach maximum scores; scores are oignificantly lower with a

I-second time unit. The rates at which new events appear provide for

the possibility of displaying an evont on each of the 11 rows at the

same time (e.g., 30 time units/li rows a 2.72 #econds between events),

Each TRAP trial under the high time Streso condition is

approximately 4 minutes long; trials under moderate time strtes take

approximately 8 minutes each. 'Teams have to make their decisions more

quivkly under the high time streas condition; events appear at a faster

rate and move across the display more quickly. However, equivalent

scores are possible under either time stress condition. The number of

events presented (44 certain events and 20 uncertain events) and the mix

of point values available in a trial are the game under both conditions,

Because the amount of time that team members are required to commit

resources to an event is proportional to the duration of a tine unit,

teams can theoretically complete the same number of events and earn the

same scorts under both levels of time streas.

4.1.2.2 TRAP Event Types. Two typv.l of events are represented in the

TRAP: certain and uncertain events. Certain events are represented as

circles and uncertain events as black rectanSles. The payoff for

committing resources to certain events is known and guaranteed. The

payoff for committing resources to uncertain events is initially unknown
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and, once known, it not guaranteed. (A specified probabilitX exists

that no points will be earned for committing resources to uncertain

events.)

4.1.2.2.1 Certain Events., Table 4.1 identifies the possible point

values for certain events and the frequency with which each event value

appears in a TRAP trial. A TRAP trial presents a total of 44 certain

events, distributed such that each team member hag an equal opportunity

to participate in events of a given value, For example, the six I-

point-per-person, one-person events in each trial are assigned as two

for each team member, A small set of events of randomly selected values

is also presented at the beginning and end of each trial; performance on

these buffer events is not analyzed.

TABLE 4.1. Point Values for Certain Events

Points Total
Per Person Points Frequency

1 1 6

One -
Person 3 3 12
Events

5 5 6

Two- 2 4 0
Person
Events 4 a 6

1 3 2
Three- ,I
Person 3 9 4
Events

5 15 2

4,1,2.2.2 Uncertain Events, Mixed among the 44 certain events

presented to the participants are 20 events of initially unknown value

(some 'black boxes' among the coded circles). When a black box appears,

participants may Set additional, though imperfect, information about the

event if all three team members commit their resources to seeking

information. Following that commitment and a brief time delay (two time
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unitg), the probability of payoff, H'igh or Low, and the nuipber of

points possible for completing the event appear in reverse video on the

black box (see Figure 4.3, Row 11). The team may then choose to commit

or not to commit resources to the event as with any other event.

During the training session on TRAP with uncertain events (geo

Appendix 0), participants learn that

a. the probability that committing resources to an uncertain event

will pay off is either high (60 percent) or low (20 percent)

b. two possible point values (9 and 21) are associated with event#

having a high probability of payoff and two possible point values (30

and 84) are associated with events having a low probability of payoff

c. each of the four possible types of uncertain events (HP, H21,

L30, L84) is equally likely to occur, and

d. considering the payoff probabilities and the time delay to seek

information, the uncertain events are, on average, about equivalent to

10-point, three-pergon events (3 1/3 points per person).

The payoff probabilities and point valueS used were chosen ouch

that an optimum strategy would include two features:

a, seeking information about a majority of the black boxes and

b. committing resources to about half of the uncertain events for

which additional information is obtained (those for which the expected

value exceeds the value of other events available on the display).

Scoring for the uncertain events varies from that for other events.

A team that commits resources to an uncertain event expects to reneive

all or none of the possible points for the event, depending on whether

or not the event pays off. Therefore, scoreb displayed to the team

reflect award of all or none of the possible points. Of the five H9

events available in a trial, for example, one is randomly selected in

advance to pay no points should the team commit resources to that event,

The resqarcher, however, is interested in comparing the quality of

the decision making rather than degrees of luck among the teamS. Scores

could be distorted, for example, if a team randomly received a large

number of points for committing resources to a few low probability

events or if a team fails to gain any points despite committing

resources to a number of high probability eventS, Therefore, Separate
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scores are computed for research purposes which add the expectes value

(the probability of payoff times the possible point value) of each

completed uncertain event to the accumulated points for the certain

events. Teams should elect to commit resources to uncertain events only

when the events' expected values exceed the values of other events on

the display, Therefore, scores based an expected values more accurately

represent decision making quality.

4.1.2.3 CommittinS Resources to TRAP Events. Some events may be

handled by an individual team memberl handling other events may require

a specified set of two or all three team members to commit their

resources. The black squares in columns A, B, and C in the TRAP display

indicate which team members must commit resources to an event to earn

ita points. The black square(s) appear on a given row at the same time

that an event symbol appears on that row and remain on the display as

long as the event symbol remains, On the display depicted in Figure

4.3, team member A can landle the event on row 2 individually (a black

square appears in column A of row 2), but both team members A and 0

would be required to commit resources to the event on row 8. No black

squares appear on row 3 since no event is available on that row.

Each team member controls a separate cursor which can be moved up

or down (using the up and down buttons on the control box) to any row in

the member's column on the display. The cursor (an asterisk) is green

when the team member is available to commit resources to an event (See

Figure 4.3, Column A, Row 3). A team member commits resources to an

event by pressing the start button on the control box while the cursor

is on the row of a chosen event, at which point the cursor burns red

(gee Figure 4,3, Column B, Row 1). If additional members are required

to commit resources to the same event, the black square in the first

member's column turns pink Indicating 'waiting' status (see Figure 4.3,

Column B, Row 1). The cursors, even while they are red, may be moved to

other rows in preparation for other events (e.g., team member 0 has

moved the cursor from Row 7 to Row S in Figure 4.3). The start button

will not work, however, until the previous commitment is complete, A

member may abort a commitment to an event by pressing the reset button

on the control box.
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4.1.2,3.1 Opportunit Window. In order to commit regourceg to anlevant

for a full 10 time unite before the event leaves the screen, a team must

#tart the event before it reaches the end of the opportunity window.

The end of the window is indicated by a vertical line placed such that

events reaching the line will remain on the display for 10 additional

time units (see Figure 4.3). If a team ham not started an event by the

time it reaches the end of the window, the team won't be able to commit

resources to the event for a sufficient amount of time and won't be able

to earn any points for that event,

When all required members have committed resourcen to an event, the

black square(g) turn yellow (see Figure 4.3, Column 0, Row 7). In

addition, a horizontal black bar appears in that event's row (gee Figure

4,3, Row7), The bar starts where the event symbol was when all required

resources were committed, It extends to the right for the distance the

event symbol will move in 10 time units, the rebource commitment time

required to earn points for the event, The bar remains stationary, and

the event symbol moves through the bar. When the event symbol moves out

of the bar, points for completing the event are automatically added to

the accumulated points table in the lower left corner of the display,

and the cursors for team memberl whole resourcel were committed to the

event turn green. At the lame time, the event symbol, the yellow

squarel in columns A, B, and C on the same row, and the black bar

disappear.

4.1.2.3.2 Rotource Status, The table in the lower right portion of the

display (let Figure 4.3) provides details on the statul of team member

resourcel. A black square in the 'Free' row indicates that a team

member's resources are available (see Column A of the table in Figure

4.3). A blinking pink square in the 'Wait' row indicates that a team

member's relources are committed but nonproductive until other member(M)
commit resources to the game event (lee Column B of the table in Figure

4.3), A digit in the 'Work' row indicates the number of time units

remaining before a team member's resources will be freed from a current

commitment (lee Column C of the table in Figure 4,3).

4,1.2.3.3 'Modegl' Resource Commitment. A computer model that uses

correct' logic in performing the TRAP has been developed as a basis for
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comparigon with performance by human teamg. The computer model cpmpares

the values of all alternatives and commiti resources to the highest

value event or combination of events available at a point in time. It

repeats its asnesnment and resource commitment cycle each time its

relources are freed throughout a trial, (Note that the model

suboptimizem on the events available at a given point in time rather

than optimizing over an entire trial.)

For research purposes, overall team soores are stated as ratiol of

the points earned by the team to the points amaimed by the model, Team

scores reflecting proportions of each event type completed are asio

compared to model results. Relating team $acres to 'belt possible'

mcorem helps to alleviate any bias associated with variations in the

difficulty of the experimental trials (trial difficulty varies due to

the randomized lequencing of events),

4.1.3 Presentation jreatmnt,

One obJective of this research was to examine the effects of

different information presentation forms on group decision quality and

perceived individual workload. That objective was met by mealuring the

impact of variationh in the features used to represent certain events.

This subsection explains the presentation treatments used.

Recent research on Group Decliion Support System design suggests

that group performance should be enhanced when features of the group

decision support system match the requirements of the decision talk

(DESAe8). For intellective tasks such ams TAP, DeSanctis and Oallupe

suggest that the Group Decision Support Syltem should provide alsistance

in identifying the correct alternative [DISA8OJ, Features used to

represmnt events in the TRAP, therefore, should aid in identifying the

moot beneficial events,

This research examined a Net of presentation features to determine

which best support identifying high-value TRAP events. Three

alternative forms of the TRAP have been developed to allow between-group

comparisons among presentation treatments, each using a different event

coding scheme. The three presentation treatments use either a minSle-

featured coding scheme (a color scheme or an alphabetic scheme)
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or a conjunctive scheme, The conjunctive scheme combLnes the coAor and

alphabetic schemes,

Table 4,2 presents the coding sohemes used In tile study. In the

color scheme, events appear am color-filled circles; in the alphabetic

scheme, events appear so yellow'filled circles with black capital

letters centered within the aircQmel it, the conjunctive scheme, events

appear a& red- or blue-filled ciroles with black capital letters,

Table 4,3 illustrates how each of the possible point values is

represented in TRAP event symbols,

TADLI 4,2. Coding Ichemes for TRAP

(Point$ per Person)

1 2 3 4 5

Conjunontive blue blue blue red red
0 B A B A

- - Il - - -

color blue green yellow orange rod

Alphabetic I D a B A

The color scheme used fits with established guidelinoe for color

displays. The number of colors used is limited [DAVIO3, IVKU862, and

the colors are ordered by their appearance in the rainbow CIVEK36,. The

ordering &alo conforms to 'well-established habits or population

stereotypes' (DAVI83, p. 1183 in that red is used to identify the most

important (highest value) events, There is also empirical precedence

for the color scheme used; Christ used a Six-level color code (purple,

blue, green, yellow, orange, and rod) in his studies 1OHRIS3],

The alphabetic scheme used differ# from the met used by Chrilt; he

used the letters 0, H, K, N, P, and I to minimise confusability among

theshapes of the letters CCH1IS3], The ordered set (A, B9 C, D, K) was

chosen instead to conform to population stereotypes. Oince the

S... . . .. ... . . . • ,. ,. . ... • ..•, • •- • - • . = .:y5-1



participant, were college studenta familiar with letters agocourue

trades, A wan chosen to represent the highest value events.

TABLE 4.3, Event Symboli for Certain Events

Points

Por Total
Color Alphabetic Conjunctive Person Points

blue I blue I 1

One- yellow 0 blue 3 3
Person A

S" C1 I - - . .....
red A -red a 5

sgeen D blue 2 4
Two-
Person
&vents orange a red 4 1

blue I blue 3 3

Three- yellow 0 blue 0
Person A
Events- - -

red A red 5 10

The conjunctive code used is a uimple oombinatiots of the color and
alphabetic codes. Red and blue were chosen from tho color scheme for
their distinaciveness, and A, D, and 0 were cholen to r.,%intsin the senie

of ordering established in the alphabetic scheme. Six color-letter

combinations are possible in this conjunctive soheme; the red-C

combination was arbitrarily dropped to provide the required five-level

coding scheme,

4.1.4 Ieurioicgs Treatment

In addition to egamintng the effects of different in•ormation

presentation forms on team performance, an objective of this research
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wag to determine if task performance could be improved by providiCS and

encouraging discussion of decision heuristics. Between-group

comparisons were made to detect performance differences with and without

the provioion and discussion of decision heuristics. This subseation

provides details concerning the heuristics treatment,
C.1.4.1 Basis for Heuristics. The decision heuristics were built based

on information gained from three sources: the computer model against

which team performance is comparedo the researchers who developed the

TRAP, and participants In TRAP pilot stuadios.

Comparing the choices made by participants in a pilot study to

those made by the computer model over a series of 32 trials suggested

several heuristics. For example# pilot study participants tended to

work significa~ntly fewer high value two-person events than the model

did, suggesting that a heuristic to look for much events would be

* useful, The model also Partly works on the lowest value evento, toa

heuristic to ignore such events was Included.
The TRAP developers also provided decision rules based on their

knowledge of task design features and on their repeated obg~rvationg of

teams performing the TRAP. For example, they suggested the decision

rule, 'Keep the team gynchronisedl all three team members should oommit

their resources to events at the game time,' Their suggestion comes

from observations that teams sometimes waste time or mils opportunities

to complete high value twa- or three-person events while waiting for

individual team members to release previously committed resources.

Since the amount of time for which rooburces must be committed i5

* identical for all events, teams that commit their resources In unison

will also have their resources free for a subsequent commitment all at

the same time.
Finally, participants in a pilot study indicated through their task

performance and through their responses to questionnaires and interviews

that teams vary significantly in their handling of uncertain events. In

a particular, their strategies rarely include using expected value to
guide decisions about uncertain events, Singe using expected valut can
improve performance on the TRAP, a heuristic based on the expected value

of the uncertain event# wag included, Additional pilot testing alloS 53
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provided performance data and interview material used to fine tuve the

wording and sequencing of the chosen heuriAtiac.

4.1.4.2 Chosen !euristicl, Ths met of decision rules chosen represent#

a balance between comprehensiveness and retainability. The set is

comprehensive enough to improv" performance but limited enough to avoid

overloading human information processing capacity. Teams included ir,

the heuristics treatment received an introduction to the heuristics and

their rationale and were encouraged to discuss the heuristics during a

training session (mee Appendix D,) Stated in terms appropriate to the

alphabetic treatment, the decision heuristics used are am follows:

IIEURISTIO SIl In addition to 3-permon A events, look tar a 2-

person B event, especially with a I-person A event.

HEURISTIC 12: Next, check as many uncertain events as you can.

Immediately take L84 or H211 ignore L38 and H,.

* .HEURISTIO 03: Ignore D and 9 events.

HEURISTIC M4; Keep the team synchronized. All three team members

should start an event or combination of events at the same time,

4.2 Roemearch Procedure

In describing the TRAP, the previous oeation introduced moms of the

procedures used to carry out this research. This section presents the

remearch procedure in greater detail,
4.2.1 Partigiin~ts

The participants in the experiment were 72 college students in the

Dayton, Ohio area. They were recruited, scheduled, and paid 150 each by

Systems Research Laboratories, Inc,. an agency that contracted to

provide support for research programs at Wright-Patterson Air Force

Base, All had at least 20/40 corrected vision (20/70 vision is adequate

to perform the TRAP). The participants were also mareened for normal

color vision using Ishihara platom, Three individuals whome initial

screening muggested color vision limitations were assigned to the

alphabetic treatment and then underwent additional screening during the

training asemion to ammure that they could properly distinguish features

on the TRAP display. In addition, no participants who were involved in

previous TRAP studies were eligible to participate again.
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No restrictions were placed on team composition. Participants were

assigned to teams based on their availability (class and work schedules,

transportation, etc.). Eight teams were assigned randomly to each of

the presentation treatment groups. Among each of the 8-team groups,

half were randomly assigned to each of the decision strategy treatments.

4.2.2 Experimental Procedure

The experiment was 9onducted in an established experimental

facility within the Armgtrong Aeromedical Research Laboratory, Wright-

Patterson Air Force Base, Ohio. Teams consisted of three participants

each who were seated side by side (positions were randomly assigned).

Each participant had a ORT and a control box for performing the TRAP.

Participants wore headsets with lip microphones for recording team

communication,

Each team participated in four sessions, each conducted on a

separate day. The first session covered administrative requirements

(consent forms, visual screening, and the first data collection phase of

the Subjective Workload Assessment Technique (Nee Appendix A)W.

Participants were trained during the second sessio,, and the

experimental trials were run during the last two sessions.

Because the TRAP Is very complex, training and practice prior to

experimental participation is required. A training session of

approximately two hours familiarized participants with the TRAP, first

without uncertain events and then with uncertain events. Each team was

trained using versionh of the TRAP appropriate to the presentation

treatmant group to which the team was assigned. Those tlmim assigned to

the heuristics treatment groups received instruction on the heuristics

immediately following training on the TRAP with uncertain events and

were allowed time to discuss their decision mtrL. They wert also

allowed to retain printed copies of the heuristics for use in the test

sessions. Participants were teste.1 during the training session to

assure that they understood how event point values were determined and.

for those toams who received heuristics, that they understood how to

apply the heuristicS. Each team also completed two practice trials

without uncertain events and an additional four practice trials
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with uncertain events with free opportunity to ask questions and to

communicate with one another.

Following the training session, each team completed two

experimental sessions, scheduled on separate days. Each experimental

seuilon congisted of two test SeSSionS, and each t•et session conSiSted

of eight trials. At the end of each trial, the participants provided

datea for phase two of the Subjective Workload Asseusment Technique (see

Appendix A). All experimental sessions were audio/videotaped, and tapes

of the best three and poorest three teams (based on average decision

quality scores) were reviewed to determine the extent to which teams

discussed their task performance strategies and explicitly applied the

decision heuristics. The analysis of the tapes provided subjective

explanatory material rather than statistically analyzed resultS, It

helped to identify differences among the team In applying the heuristics

as well as differences among the suggested heuristics in their rates of

application. It also helped to detect whether teams that did not

receive suggested heuristics developed similar or alternate heuristics

of their own,

In greater detail, the experimental procedure consisted of the

following steps (copies of materials used for the color coding scheme in

the experiment are included as appendices; equivalent materials were

used for other treatment groups):

1. First session (approximately one hour); Screened participants
and administered preliminary materials.

a. Researchers in the Visual Display Systems Branch,
Armstrong Laboratory, administered color vision screening

1* using Ishihara plates under the prescribed lighting
conditions. The experimenter administered visual acuity
screening using Snellan charts (participants were
screened for 20/40 corrected vision; the TRAP display
required 20/170 vision).

b. Participants read and signed two consent forms (Appendix
E). The forms introduced the research objectives and
outlined the terms of the participants' agreement to
serve as team members for the experiment. Copies of the
forms were made available to the participants,

* 0. The experimenter introduced the Subjective Workload
Assessment Technique using a standard script (Appendix V)
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and provided oard decks and SWAT summary handouts bor use
during the sorting prooedure. Participants completed the
SWAT sorting procedure. (SWAT sort data has been shown
to be stable for as long as a year (HARRS7], go
participants for whom recent SWAT sort data was available
were not required to repeat the sorting procedure.)

2. Second session (approximately two hours): Trained
participants.

a. The participants were randomly assigned to seating
positions to be retained for all remaining sessions.

b. The experimenter read from a standard script (Appendix B)
providing instruction on performing the basic TRAP
(without uncertain events). The instructions were
tailored to the presentation format assigned to the team.
At the appropriate point in the instruction, the
participants reviewed a table of TRAP point values
(attached to Appendix 3) and then took a test on thvir
understanding of the point values (Appendix 0),
Individual feedback and #etting was repeated as required
until all participants completed the test perfectly. A
slow speed TRAP demonstration trial with commentary was
included in the instruction period following point value
testing,

0. The participants performed two practice trials (one at
moderate and one at high time stress levels). Following
each trial, each participant responded to three workload
questions presented on the CRT. The experimenter
answered any questions that came up during the practice
trials.

d. The experimenter read from a standard script (Appendix 0)
providing instruction on performing the TRAP with
uncertain events, The participants read along from
copies of the instructions and interacted with a slow
speed TRAP demonstration trial including uncertain
events.

e. For teams assigned to thq heuristics treatmen. groups,
the experimenter read from a standard soript tAppendix D)
providing instruction on performInS the TRUP using the

heuristics, The instructions were tailored to the
presentation format assigned to the team. The
participants read along from copies of the instructions,
The participants then received a summary of the
heuristics (attached to Appendix D) to retain during the
remainder of the session and were encouraged to discuss
the heuristios and their deoision strategy as a team.
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i. For teams alsigned to the heuristicas treatment 4roups,
the participants took a toot on their understanding of
the heuristics (Appendix H). Individual feedback and
testing wag repeated as required until all participants
completed the teat perfectly.

S. The participants performed four practice trials (two at
moderate and two at high time stress levels; the sequenoe
of moderate and high time strels trials was moderate-
high-moderate-high). Following each trial, each
participant responded to three workload questions
prevented on the CRT.

3. Third and fourth sessions (approximately two hours each):
experimental sessions.

a•. The participants were allowed to review a table of TRAP
point values and then took a toot on their understanding
of the point values. Individual feedback and tooting
were repeated au required until all participants
completed the test perfectly.

b. For teams asmigned to the heuriatica treatment groups,
the participants were allowed to review and retain a
summary of the heuristics and took a teat on their
understanding of the heuristica, Individual feedback and
tosting was repeated as required until all partioipants
completed the teat perfectly.

c. The participants performed two toot selsions consiating
of eight trials each (four at moderate and four at high
time stress lovelul the sequence of moderate and high
time atress trials was randomised in blocks of four
trials). Following each trial, each participant
responded to three workload questions presented on the
CRT. A break was allowed between the two teat sessions.

4.3 Summary of Beseargh Environment and Method

This study involved a laboratory experiment uuing a dynamic group

choice task (TRAP) am the experimental task. Subsequent to ocruening

and training, each team of three deoclion makers completed a total of 32

trials, arranged in 4 teat sessions of B trials each. Half of the

trials were prevented at a flat rate of speed and hall at a more

moderate speed. Each TRAP trial presented a sequence of 04 certain and

uncertain events. The teams had insufficient resourcel to respond to

every event, so they had to choose among the available events. Coding

schemes for preventing the eventa varied between teams as did the

presence or absence of decision ':uriltics provided by the researcher.
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The reicarab method outlined in this chapter provided the moghanigm

by which to capture information on the effects of informatiton

prev~entation form and decision hourigbiod on group decision making In a

dynamic, uncertain environment. The next chapter analyzes the results

of the experiment.



5.0 ANALYSIS OF RESULTS

This chapter presents the statistical ana~lysis of the reaults of

the experiment. (Coll means and variances and the raw data are included

in Appendix 1.) The first section reviews the maJor results of a

related study. The second seation defines the primary model used to
evaluate the results of this study, and the third section presents the

findings using the model. The model used to analyze findings about

information seeking behavior and the findings based on the model art

presented in the fourth and fifth sections. Similarly, the model and
findings concerning resource commitments to uncertain events appear in

the sixth and seventh sections. A major secti.on then relates the
findings to the experimental hypotheses presented in Chapter 3. The

chapter concludes with a summary of the major results of this study.

5.1 Related Results

In a related study run concurrently with this experiment, XJimble,

Mc~eese, and Goodyear examined the effects of emergent leadership on
TRAP performance. They determined that a number of variables (&Is,
college year completed, sex composition of team, video game experience,

and leadership measured in terms of relative frequency and duration of'

talking) had no effect on TRAP performance. One variable, experience

with using computers, was correlated with performance (r *.54, p

.002) CKIMB97). Random assignment of participants to teams, however,

vesulted in an even distribution of experienced computer users among the

treatment groups studied In this experiment, so the results reported
here are not confounded with the computer use variable.
5.2 Primary Experimental Mode.,.

The results of the experiment were examined using the SAO ANOVA

procedure. Except for the analyses of information seeking and resource
commitment behaviors related to uncertain events (models to be presented

in later sections) , the model used for the statistical analysis was

*ikm U. + timai + gesgi + fornm + hourt + teaMmu4k%) 4

(time~gtgg)ij 4(timefformhhk # (timelhour)ai + (tiM#*teAn)&M~k1) +

(sesslforM)Jk + (seggohour~j, + (5esswteaM)4M4~,s) + (formoheur)kl *
(timeeuesolform)i~k + (timeogeaggheur)L.ti + (timeotormwheur)ikl

(gesgoformwheur)Jk& + (time#9e99sformmheurkijhl 4 eniJMI 00



where
.Y" reprenents a dependent variable measure (overall TRAP moore,

proportions of events completed, BWAT ratinga, etc.)
'time' in the time stress variable (high or moderate time itress)
igmls' is the practice variable (geision 1, 2, 3., or 4)

"form' is the information presentation form variable (color,

alphabetic, or conjunctive coding scheme)

'heur' im the sugoented decision strategy variable (with or without

heuristiOc)

'team' is a variable that takes into account any differences among

the three teams asnigned to each combination of treatments (any given

team was a&signed to only one combination of a form treatment and a

heuristios treatment). Since team differences are accounted for in the

model, the results related to other variables can be generalized for

othtr teamw with more confidence than it team differences pere not

included.

Table 5,1 provides the degrees of freedom and expected mean squares

for the model. A throe-way interaction term, (timeloesimteam)JmikaJ,

wam pooled into the error term since no degrees of freedom remained for

the error, term. As a result, no tests of team effect# or of the effects

of interactions between the team variable and other variables were

provided by the model, but team effeci t were not a focus of this study.

Tests of the ansumptions on which the ANOVA model is based

demonstrated that the model is applicable to the results of this study.

Specifically, within commonly accepted limits, all observations have the

same variance and the error terms are normally distributed,

5,3 Statistical Analysis UsinE Primary Experimental Model

The primary experimental model was used to analyse findings for

seven outcome variable#. Each of the following subsections presents the

analysis for one of the variables.

5,3.1 Overall Performance

The variable used to meanure overall performance was a team moore

stated an a percentage of the computer model's score for the same trial.

Table 5.2 is the ANOVA table for the overall performance variable.
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TABLE 5.1 Primary ANOVA Model

Source DF Expected Mean Square

time 1 MOZai 4VA02 + go

sel 3 4Btbjm/3 + 20bee + as

form 2 64SOa/2 # Bo.om + as

hour I 9Odis * go.' * a'

team(formwheur) 18 s .8 + *a

NeOeitlme 3 24Z2(ab)it/3 + cab.0 + as

formotlme 2 32ZZ(ac)aa./2 + 4*a.' + am

heurotime 1 42SO(ad) e + 400.. + as

timewteam(formoheur) 18 4vee' + am

formamegm 6 1O1(bo)•jb/8 + 2 9bem + am

heurovese 3 24ZZ(bd)ja&/3 + 2ab.a + am

.eveoteam(formoheur) 54 2a0*0 + a'

formwheur 2 32ZZ(gd)kea/2 + Boom + u v

timeuueaufform 6 8222(abO)jkl/O + cab** +'d2

tlmewueueuheur 3 12ZZZ(abd)tij'/3 + vab. 4 as

timeosesumtesm(formoheur) 54 uat. + as

timewformoheur 2 lZZZ(&od)%i;'/3 + 4&a.' a a'

semlmformlheur 0 6XZZ(bod)jk&/8 + 2ba*.6 * go

timeolegooformwheur 6 4ZZUZ(abod),skat/G + aabal 4 am

error 0 on

There were no otatimtioally oignificant three-way or higher order

interaction effects, There were also no statistioally significant two-

way interaction effeots for ueiNtime or formoheur, Using the mean

square for timewteam(formmheur) as an error term, there was no

statimtio•lly significant effect for formotime (p 9 .013), but there

was an effect for heurotime (p a .0300). Using the mean square for

S* fnho()Iteam(formwheur) as an error term, there were no statistically

significant effects for formeseis (p a .9112) or for heuroseas (p a

,9185). Since the only significant interaction effect (heurotime) was

ordinal (see section 5.15,1 below), all the main effects were analyzed,

Using the mean square for team(formsheur) as an error term, there was no

statistically significant effect for form (p .0335), but there was an
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effect for hour (p * .0092). Using the mean square for

timelteam(formmhour) as an error term, there was an effect for time (p

.0001) , and, using the mean square for sesmoteam(formoheur) am an error

term, there wasn an effect for sees (p n .0003).

TABL" 5.2 ANOVA Resuitm, Overall Performance

source DF Sum of Square# Moan Square

Model 137 13392.97304258 97.75893170

Error 54 090.10228730 18.33522754

Cor-rected Total 191 14383,07592994

Source DF Sum of Squares F Value Fr > F

ti-me 1 7278.855125 382.53 0.0001
sees 3 012.920805 7.31 0.0003
form 2 100.921208 0.47 0.0335
hour 1 917.202435 8.51 0.0002
team(fornwhour) 18 1939.782824 (no test)
46801time 3 15.400077 0.28 0,8388
formNtime 2 8.535733 0.22 0.8013
heurstime 1 105.040107 5.55 0.0300
timilteam(formohour) 18 342.507240 (no test)
form'sess a 57.445458 0.34 0.9112
hourioess 3 13,904043- 0.17 049185
sessiteam(formohour) 54 1509.926241 (no test)
formlhour 2 148. 144004 0.09 0.5150
timeNsIVslform a 23.595970 0.43 0.7331
time'sesswheur 3 83.555803 0.70 0.0048
timefformohour 2 71.505409 1.88 0.1813
selssformohou:. a 23.855415 0.14 0.9898
timewolsollformohour 0 139.182151 1.27 0.2889

The overall performance score was expressed as a team's percentage

of the computer model'oscMore to account for potential differences in

difficulty among the trials. Raw team Mcores were also analyzed to

provide an indication as to the need for. standardizing team scores by

the model scores. Table 5.3 presents the ANOVA results for raw team

scores.

There were no statistically significant three-way or higher order

interaction effects. There were also no statistically significant two-

way interaction effects for mesm~time or formiheur, Using the mean

square for timeuteam(formuheur) as an 'error term, there was no

statistically significant affeat for formitime (p a 0525), but thereI 03



was an effect for lieurptime (p a .0139). hUmng the mean sqtlare for

rnesrnteam(formwhour) as an error term, there were no Statistically
silgnificant, effects for formisoeur (p a .0070) or for heurwuess (p a

.9299), Since the only significant interaction effect. (heurotime) wasn

ordinal (got station 5.15.1 below), all the main effects were analyzed.
Using the mean square for team(formuheur) as an error term, there was no

statistically significant effect for form (p a .4919) , but there wag an
effect for hour (p * .0123). Using the mean square for

timewteam(formoheur) as an error term, there was an effect for time (p *
.0001), and, using the mean Square for surnultoamformishur) as an error

tern, there wagn an effect for 9*eu (p u..0001).

TABLE 5.3 ANOVA Table, Team Score

Source DF sum of Squareg Mean square

Model 137 57101.23725200 417.2353084

Error 54 3902.007421898 73.3705078

Corrected Total 191 81123.24487448

Source DF Sum of Squaresn F Value Pr ) F

time 1 32148.394905 419.98 0.0001
sernr 3 2012.553803 9.94 0.0001
form 2 705.032214 0.74 0.4919
hour 1 3599.979905 7.75 0.0123
toam(formwheur) 18 8590.030041 (nio test)
19080ntime 3 248.032741 1.13 0.3404

* ormvtimo 2 80.090203 0.44 0.0520
heurotime 1 588.735430 7.43 010130
timesteam(formkheur) 18 1377.848510 (no test)
formogaernr a 397.135590 0.78 0.0070
hourlrnern 3 30.154931 0.15 0.9299
gesswteam(fornmoheur) 54 4728.073047 (no test)
forrnwheur 2 417.487578 0.44 0.052a
timeuNmeggoform a 180.280450 0.85 0.474a
timemsesrnehour 3 028.421270 1.43 0.2212
tim*Nformwhour 2 137.713359 0.90 0.4243
m esrnwformohour a 71.502317 0.14 0.9910
tLimoomellwformohour 0 531.340530 1.21 0,3170

Since the same effects were significant at comparable levels of

significance for the Mcore expressued either as a percentage of the

computer* model score or am a raw team mcors, it was assumed that the
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distribution of difficult trial# was random enough to wash ouut any

effects of differences in trial difficulty. The remaining variables,

therefore, were analyzed as simple team meauures rather than am

percentaSee of model performance,

5.3,2 Proportion from Certain-Valued Eventa
Behavioral variables used to help explain performance differences

included the proportion of a team's points earned from oertain-valued

events. Table 5.4 presents the ANOVA results for the proportion of the

score from certain-valued events,

TABLE 5.4 ANOVA Results, Proportion Certain

Source DF sum of Squares Mean square
Model 137 0643140851 0.04549539

Error 54 0.10392072 0.00303572

Corrected Total 191 0,39542723

Source DF Sum of Squares F Value Pr ) F

time 1 0,01564329 1.06 0.2113
memo 3 0.00445043 4.33 0.00893
form 2 0,04521023 0.12 0.9996
hour 1 1.08747001 5.80 0.0287
toam(formoheur) 1i 3.40134501 (no test)
saesutime 3 0.01525253 1.07 0.1033
formotime 2 0.00624559 0.44 0.0520
heuritime 1 0.03300000 3.57 0,0751
timewteam(formwhour) 1i 0.16078220 (no test)
formmegms 6 0.05701037 1.31 0.2705
heur'sego 3 0.04644569 2.22 0.0064
selsuteam(formehour) 54 0.39300405 (no teat)
formohour 2 0.60302109 1.73 0.2003
timelselelform 6 0.00147495 0.18 0.9215
time'segl'hour 3 0,02302310 1.30 0.2744
time'formohour 2 00,0106606 0.09 0,9149
seggoformoheur 6 0.00795494 2.01 0,0790
timeosegsoformwheur 6 0.02339233 1.26 0.2801

There were no Statistically giSniican5 three-way or higher order

interaotion offeti,. There were aljo no statistically significant two-

way interaction effects for leslitime or formoheur. Using the mean

square for timewteam(formoheur) as an error term, there wag no

statistically significant effect for formitime (p a .0520) or for

hour'time (p a .0751). Using the mean square for eoggoteam(formoheur)
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am an error term, there were no statistioally significant effeoct for

formoueme (p a .2705) or for heurwmems (p a .0984). Since there were no

significant interaction etfects, all the main effects were analymed,

Using the mean square for team(formNheur) as an error term, there was no

statisticelly signiticant effect for form (p a .6890), but there wag an

effect for hour (p a .0287), Using the mean square for

timeNteam(formoheur) am an error term, there was no effect for time (p v

.2113), but, uling the mearn square for eeommteam(formwheur) am an error

term, there wag an effect for gesa (p a .00,3).

5.3,*3 1-Player-I-Polnt-Der-Plaegr Events

Behavioral variables a&Io included the proportion of particular

types of certain-valued events to which teams committed resources,

Table 5.5 presents the ANOVA result# for the 1-point eventc,

TABLE 5.5 ANOVA Resultsm, I-Point Events p

source DF Sum of Squares Mean Sq~ate

Model 137 0.73000880 0.00532853

error 54 0.13144002 0,00243409

Corrected Total 191 0.00144040

Source DF Sum of Equareg F Value Pr ) F

time 1 0,01219219 4.90 0.0400
sels 3 0,00613400 0o09 0,4527
form 2 0,01005104 0.38 0,0602
hour 1 0.00542909 0,17 00231
team(formsheur) 18 0.24022108 (no test)
messutime 3 0.00577000 0.79 0,5042
formwtime 2 0.00304097 0.79 0,4075
heuritime 1 0.00001302 0.01 0.9431
timenteam(formwheur) 16 0.04477107 (no ieut)
form sell 0 0.01733229 0.90 0,4095
heurgoges 3 0.00496900 0.55 0.0534
meimsteam(formoheur) 54 0.10409003 (no toot)
formwheur 2 0.07583437 2.74 0.0915
timeosemssform 0 0.01312812 0.90 0.5020
timeogegloShur 3 0.004289006 0.59 0,0250
timenformoheur 2 0.00520354 1.00 0,3077
mess'formoheur 0 0.01521502 0.03 0.500
timesemsmsformoheur a 0.00912•13 0.03 0.7094

There were no statistically significant three-way or higher order

Interaction effects, There were also no two-way interaction effects for
00
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osesstime or formohour. Using the mean square for timtNteam(formaheur)

an an error term, there was no statistically signifioant effect for

fornotime (p m .4075) or for heurstime (p a .9431), Using the mean

square for sessitsam(formlheur) as an error term, there were no effects
for formusess (p a .4095) or for heurooess (p m .6534). Since there
were no significant iastraotlon effects, all the main effects were

analysed. Using the mean square for team(formwhour) as an error term,

there was no statistically slgnifioant effect for form (p , .0802), but

there was an effect for 4our (p .0231). Using the mean square for

timemteam(formoheur) as an error term, there was an effect for time (p a

,0400), but, using the mean square for seomNteam(formoheur) as an error

term, there was no effect for seas (p a .4527),
P,3,4 2-P~ayer'2'Pointu-ner+-Plaver Events

Table 5.0 presents the ANOVA results for the 4-point events.

TABDL 5,0 ANOVA Results, 4-PoInt Rvents

source DP sum of Squares Mean Square

Model 137 0.43331042 0,00316205

Error 54 0.06735025 0,00100215
Corrected Total 191 0,49000007

Source DF lum of Squares I Value Pr ) P

time 1 0.00180208 5.70 0,0274
leom 3 0.00104503 0,32 0,110
form 2 0.02020354 1,23 0,3104
hour 1 0.05535200 0.71 0.0105
team(formoheur) 1i 0,14960875 (no test)
selsmtime 3 0.00420375 1.35 0.2087
formotime 2 0.00400729 1.31 0.2939
heurstime 1 0.00003333 0.02 0.0842
tlmeuteam(formohour) 1i 0.02749375 (no test)
formlsess 0 0,00770720 0.75 0.8145
heurileus 3 0,00720042 1.41 0,2507
sesu'team(formnheur) 44 0.00200125 (no test)
formthour 2 0,01203229 0,7 0.4744
timepleallform 0 0.00942180 1.49 0,1976
tlmeNleveoheur 3 0,016 .30? 5,08 0,0036
tipievformohour 2 0.00700%154 2,31 0.1277
oelusformoheur 0 0,00515521 0,50 0,0050
timeloenssformNheur 6 0.00423220 0.06 0,0760
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There war one statsitioally significant three-way interaction

(timeNseurnheur). There were no statistLoally significant two-way

interaction efftct# for sesestime or formuheur. Using the mean square

for timemteam(formoheur) as an error term, there wag no gtatietically

significant effect for formotims (p a .2939). Uling the mean square for

oess•team(tormoheur) as an error term, there wag no statistlcally

significant effects for formotees (p a .0145). Since form was the only

variable not involved in significant interaction effects, only the main

effects for form were analysed. Uging the mean square for

team(formoheur) as an error term, there was no statistically significant

effect for form (p a .3104).

5,3,5 2-Plavery-4-oints-mer,?la.er Ivents

Table 5.7 presents the ANOVA results for the proportion of 8-point

events completed.

TARLE 5.7 ANOVA Peoulto, $-Point Ivents

Source DV Sum of Squares Mean Square

Model 137 7.5714107 0,05735140

Error 54 0.40000020 0.00740752

CorrocWd Total 191 8.25714702

Source DF Bum of Squared F Value Pr ) F

imne 1 0.25960208 12.90 0,0021
Meg 3 0,12033950 3.19 0.0310

form 2 0.01243854 0.03 0.9752
ho*ur 1 0.14520000 0.59 0,4534
team(formzheur) 18 4.45080975 (no test)
gossNtime 3 0.04543058 2.04 0.1185
form, time 2 0.00553854 0.14 0,8724
heuratime 1 0.07053333 3.50 0,0770
timeateam(formohour) 10i 0.30230675 (no test)
formosegg 0 0.04750970 060e 0.7908
heurlsess 3 0.06741067 2.20 0.0963
seuuteam(formoheur) 5 I 0.71440025 (no test)
form, htur 2 1.31180503 2.65 0,0970
Nmeldewiform 0 0.03201070 0.72 0,0349
time'lesgsheur 3 0.00000000 0.43 0,71309
timeoformhour 3 0.00513229 0.13 0.8011
xegroformuheur a 0.13079271 1105 0,1590
timesgeselformwheur 0 0.03909037 0.90 0.0024
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There were no statitl.cally significant three-way or higher order

interaction effects. There were also no uignificant two-way intoraction

effects for segootime or foriwheur. Using the mean square for

timqRteam(fo-mn*heur) am an error term, there was no significant effect

for formMtime (p a .8724) or for heurotime (p a .0776). Using the mean

square for sesoNteam(formwhtur) as an error term, there were no

significant effects for formm leU (p a ,7290) or for heurnmeug (p x

,0983). Since there were no signiflcant Interaction tffoctg, all the

main effects were analyzed, Using the mean square for team(formohour)

an an error term, there was no statistioally significant effect for form

(p a .8898) or for hour (p a .4534). Using the mean square for

timelteam(formoheur) as an error term, there was an effect for time (p •

.0021), and, using the mean square for gesswteam(formoheur) as an error

term, there was an effect for gems (p a .0310).

5.3.6 3-Plaver-O-Pointos-yor-Playor Events

Table 5.8 present# the ANOVA results for 15-point events, •

TABLE 5.8 ANOVA Results, 15-Point Events

Source DF Sum of $quares Mean Square

Model 137 2.79905417 0.02043105

Error 54 0.05873750 0,01219864

Coisrected Total 191 3.45779107

Source DF Sum of Squares F Value Pr > F

time 1 0.00200208 0.14 0.7144
seas 3 0.03395417 0.62 0.8023
form 2 0.01073229 0,10 0,9081
he'ir 1 0.04200833 0.70 0.3951
beam(formwheur) 18 0.99608750 (no test)
NeOsstime 3 0.01051042 0.29 0.8344
formstime 2 0.09031354 3.12 0.0087
heurwtimo 1 0.00005208 0.00 0,9528
time'team(formoheur) 18i 0.20060250 (no test)
formwues a 0.07395521 0.08 0.0054
heurisesu 3 0.02934563 0.54 0.0C72
sessmteam(formsheur) 54 0.97881250 (no test)
formiheur 2 0.10501354 0.95 0.4057
timeomeossform 0 0.03342390 0.40 0.8371
time'segsnheur 3 0.04311875 1.18 0.32•0
timeofornaiheur 2 0.03220979 1.11 0.3498
sesswformoheur 0 0,04848229 0.45 0.0448
itimolosooformuhour a 0.00930938 0.11 0.9945
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There were no significant three- or four-way interaction effects.

There were ilso no significant interaction effects for esemstime or

formiheur. Using the mean square for timeuteam(formwheur) as an error

term, there was no significant offeat for formotime (p a ,O•87) or for

hourktime (p a .9528). Using the mean square for sessiteam(formwheur)

as an error term, there were no significant effects for formovess (p s

.06084) or for hourimess (p • .8572). Sinai there were no significant

interaction effects, all the main effects were analyzed. Using the mean

square for team(formwheur) as an error term, there was no significant

effect for form (p n .9081) or for hour (p a .3901). Using the mean

square for timeuteam(formoheur), there was no effect for time (p x

.7144), and, using the mean square for sesswteam(formoheur), there was
no effect for sess (p a .0023).

5.3,7 Perceived Workload

0 Table 5.9 presents the ANOVA results for workload perc4ptions,

measured using the Subjective Workload Assessment Technique-(SWAT).

TABLE 5.9 ANOVA Results, SWAT

Svurce DF Sum of Squaroe Mean Square

Model 137 41114.24330801 300.10390018

Error 54 1722,47847222 31.9774949

Corrected Total 191 42830.72183693

Source DF Bum of Squares F Value Pr ) F
time 1 11817.39421875 98.71 0.0001
seas 3 1978.07300175 8.98 0.0001
form 2 2012.05108579 1.00 0.3082
hour 1 79.07472307 0.08 0.7705
team(formpheur) 18 17145.11010417 (no test)
helgitime 3 154.09548032 1402 0.1902
formotime 2 315,51302190 1.32 0.2924
heur*timt 1 71,70370370 0.00 0.4490
timewteam(formwheur) i1 2155.03434028 (no test)
formvsems 0 198,47395701 0.45 0.8415
heurueuls 3 225.60792101 1.02 0,3892
sessuteam(formoheur) 54 3900.00142301 (no test)
formwheur 2 236.41929325 0.12 0.8840
timelgesslform 0 58.30086903 0.30 0.9317
timoosewswhour 3 13405709070 0.14 0.9339
timetformoheur 2 72.40984447 0.30 0.7425
sessoformoheur 0 548.20452008 1.24 0.2908
timeogeosoformoheur 0 05.31867139 0.34 0.9119
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There were no statistically ginnificant three-way or higher order

Interaction effects. There were also no slignifcant two-way interaction

effects for meosstime or formoheur, Using the mean square for

time'team(formohour) as an error term, there wag no statistically

aignificant effect for formitime (p a .2924) or for heuritime (p a

.4490). Using the mean square for meonwteam(formwheur) as an error

term, there were no significant effects for formuieog (p a ,8415) or for

hourusomg (p w .3892). Since there were no uilnificant interaction

effects, all the main effects were analysed. Using the mean square for

team(formlheur) as an error term, there was no significant effect for

form (p m .3092) or for hour (p a .7705). Using the mean square for

timeteam(formohour) as an error term, there wag an effect for time (p *

.0001), and, using the mean square for oesmoteam(formoheur) am an error

term, there was an effect for meal (p w .0001).

5.4 ANOVAModel for Information Seekint

The model used for the statistical analysis of the propo•tian of

incertain events about which teams sought additional information war

Yijklmn U U. + timew4 + 90e00 4 type, 4 houri + team.cii +

(timeoooeahj * (timeutype),k # (timewheur)ii + (tImeNteam)tm~t, +

( (soemitype)m. * (rNernheur)ja + (memoxteam).m.ia + (typeheour)ki +

(typeoteam)...i, 4 (timehersiltype)ijk + (timeesinmwheur)hji +

(timeolessr team)ASM1, * (timeutypeheur)iki +

(timtetype*team)ikM4I) * (seumtypewheur)jku +

(mnerntypewteaInm)j.I| 4 (timeoreunrtypewheur)&bJk + ef.n(iJk.

where

"Y' represents the proportion of uncertain eventN about which

additional information is lought

"time' is the time stream variable (high or moderate time stream)

mems' is the practice variable (meaaion 1, 2, 3, or 4)

'type' is the ipecific type of uncertain event involved (W21, HO,

L84, or L30)

'heur' is the mudgested decision atrategy variable (with or without

heuristics)

'team' is a variable that takes into account any differences among

the 12 teams assigned to each heuristics treatment,
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The information presentation form variable was not included in the

model because the symbols for uncertain events (black rectangles) were

identical for all treatment groups. (To confirm that the information

presentation form variable was not required in the model, a model

including the form variable wag analyzed. There were no statistically

significant interaction effects involving information presentation forms

nor was there a main effect for form (p n .9458).)

TABLE 0.10 ANOVA Model for Information Beoking

source DF Expected Mean Square

time I M8WZain 4 l0•a.. + as

mess 3 l92ZbjO/3 * BOb.* + 02

type 3 1922cus/3 + Boom + as

heur 1 3H4OdW' + 32o*9 + as

team(hour) 22 32. + as '

sesaotime 3 90Z1(ab)ig'/3 4 4iabet + #91

typeatime 3 90ZZ(ao)&k9/ 3 + 40^4*4 + m,

heuritime 1 lQ2ZZ1(ad)i * lOo..'+ am

timewteam(heur) 22 10e..s 4 as

typewbess 9 4OZZ(ba).sa'/9 + 2ob..e 4. a"

heurosess 3 900U(bd)ji'/3 . Sat.. + oa

sesesteam(heur) 00 Sabo a + go

typeoheur 3 O0Z2(od)aka/3 + 9...' 4 a'

typeoteam(heur) 00 Boso' * as

timeINeVIOtype 9 24SZI(abo),ims/9 + gab*t* + 0'

timwosesswheur 3 46SZZ(abd),jm/3 + 40lash + 08

timeigemssteam(heur) 00 4o0bo + 4s

tlmeltypeoheur 3 4SZXZ(aod)u1ui/3 + 40oeU s + 02

timeNtypelteam(heur) 00 40&0** + as

sesswtypelheur 9 241ZE(bad)hjk/9 + 20beeg + 0t

sessotype~team(heur) 19 2at...t + as

tirme.lesstypelheur 9 l2ZZ2Z(abcd)6Jk1'/9 + Oa~bIo + OM

timemse4sitypewteam(heur) 1o0 ab.oe. 4 as

error 0 1 all..
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Table 5.10 shgwm the model's degrees of freedom and expected mean
squares. A four-way interaction term, (timeusemsstypeNteam),j•.,a,, was

pooled into the error term since no degrees of freedom remained for the

error term. As a result, no tests of team effects or of the effects of

interactions between the team variable and other variables were provided

by the model, but team effects were not a focus of this study.

Teots of the assumptions on which the AROVA model is based
demonstrated that the model is applicable to the results of this study.

Speoifically, within commonly accepted limits, all observations have the

same variance and the error terms are normally distributed.

5.5 Statistical Analysis Using ANOVA Model for Information Seeking
Table 5.11 is the ANOVA table for the proportion of the uncertain

events about which a team sought additional information,

TABLE 5.,11 ANOVA Results, Information Seeking

Source DF Sum of Squares Mean'Squire

Model 569 31.93049740 0.05012741

Error 198 2.14911458 0.01085411

Corrected Total 707 34.085601198

Source DF Sum of Squares F Value Pr > F

time 1 1.45255208 73,82 0.0001
seas 3 0.27910150 4.00 0.0112
type 3 0.06044010 2.55 0.0031
heur 1 7.14949219 0.81 0.0048
team(heur) 22 10.03301979 (no test)
sesswtime 3 0.03177083 1.43 0.2425
typeotime 3 0.03002604 0.92 0.1343
heurMtime 1 0.02520933 1.28 0.2099
timewteam(heur) 22 0.43280458 (no test)
typewsess 9 0.11373069 1.05 0.4010
heurosoes 3 0.10035156 1.44 0.2400
sussgteam(heur) 00 1.53679087 (no teot)
typewheur 3 0.01720052 0.49 0.0901
typeteam(heur) d0 0.77148438 (no test)
timemsessntype 9 0.11419271 1.17 0.3108
timaesessmheur 3 0.00567706 0.20 0.6574
timsomeosoteam(heur) 00 0.48942708 (no test)
timeotypewheur 3 0.00742188 0.23 0.8703
time~typolteam(heur) a0 0.71505208 (no toet)
sessotypeoheur 9 0.09850073 0.91 0.5107
sessltypeuteam(heur) t98 2.38000720 (no test)
timessesewtypeuhour 0 0.00109271 0.03 0.7603
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There were no statistically significant three-way or higher order

interaction effects. There were also no significant two-way interaction

effects for gcooUtime, typeNtime, seiietype, or typeoheur. Using the

mean square for timelteam(hour) as an error term, there was no

significant effect for heurotime (p a .2890). Using the mean square for

seuasteam(hour) as an error term, there was no significant effect for

hourocess (p .,2400). Since there were no significant interaction

effects, all the main effects were analyzed. Using the mean square for

teao~hour) as an error term, there was an effect for hour (p m .0046).

Using the mean square for timeuteam(heur) as an error term, there was

also an effect for time (p a .0001), and, using the mean square for

spsauteam(heur) as an error term, there was an effect for sogs (p m

.0112). Using the mean square for typeNteam(heur) as an error term,

there was no statistically significant effect for type (p m .0031).

5.0 ANOVA Model for Rosouraq Commitments to Uncertain Events I

The model used for the statistical analysis of the peopotion of

uncertain events to which teams committe4 resources subsequent to

seeking additional information was

YiJkim • u, + time& + types 4 hourk + team1(k) + (timeltype)i,

4 (timeNheur)ik + (timewteam)ich., + (typelheur)jk +

(typewteam)jmek) + (timeotypeNheur)ik 4 eGmcjma)

where
"Y" represents the proportion of uncertain events to which

resources are committed subsequent to seeking additional information.

It is measured in terms of a ratio of the number of uncertain events

completed to the number of uncertain events about which additional

information was souSht (not as a ratio of uncertain events completed to

total uncertain events presented).

'time* is the time stress variable (high or moderate time stress)

'type' represents the specific type of uncertain event involved

(H21, HO, L84, or L36)

'hour' is the suggested decision strategy variable (with or without

heuristics)

'team' is a variable that takes into account any differences among

the 12 teams assigned to each heuristics treatment.
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The experimental model used to analyze resource commitments to

uncertain events does not include the practice variable. A very few

teams chose to leek additional information about so few uncertain events

that, for a given experimental session, it was possible that a team had

no 'uncertain events of some particular type available to complete.

Since proportions with denominators of zero could not be analyzed, some

alternate analysis mechanism was required. Data involving denominators

of zero could be ignored, creating unequal cell sizes. The SAB General

Linear Models procedure provides for analysis involving unequal cell

sizes, but computer memory limitations precluded analysis with a

complete model, An analysis of a limited model (only main effects and

two-way interactions involving the time pressure, practice, event type,

heuristicS, and team variables) revealed that there was no main effect

for the practice variable nor were there any two-way interaction effects

involving the practice variable, Therefore, the practice varilble wag

dropped from the model, and data for each team was averaged adoss the

four sessions. Further, since every team sought additional information

about at least one uncertain event of each type sometime during the

experiment, no data involving denominators of zero remained. Therefore,

a model ignoring the session variable could be analyzed using the SAB

ANOVA procedure.

The informatinn presentation form variable was not included in the

model because the symbols for uncertain events (black rectangles) were

identical for all treatment groups. (To confirm that the information

presentation form variable was not required in the model, a model

Including the form variable was analyzed. There were no statistically

significant interaction effects involving information presentation form,

nor was there a main effect for form (p a .033S).)

Table 5.12 provides the degrees of freedom and expected mean

Nquares for the model. A three-way interaction term,

(timeutypeuteam)ijiik,, was pooled into the error term since no degrees

of freedom remained for the error term, As a result, no tests of team

effects or of the effects of interactions between the team variable and

other variables were provided by the model, but team effects were not a

focus of this study.
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TABLE 5.12 ANOVA Model for Resource Commitments to Uncertain Events

Source DF Expected Mean Square

time 1 gaEat 4 44ado + go

type 3 4BZbjo/3 * 290%a + go

hour 1 9OZCk|* 4 604' g0

team(heur) 22 Bids + as

typestime 3 24ZZ(ab)iaj/3 + .bads + 0a

heur*time 1 4BZZ(ac)ika + 4Oaa' + 0

timeuteam(heur) 22 4ada + as

typeoheur 3 24ZZ(bc)Jka/3 + 2ca•.d 4 am

typeoteam(heur) 00 20oe 4. a'

timewtypewheur 3 12ZZZ(abc),ae/3 * O.U.d* + 0

timemtypeoteam(heur) 00 Vabse * ao

error 0 an

Tests of the assumptions on which the ANOVA model i'i based

demonstrated that the model is applicable, with reservations, to the

results of this study. Specifically, the variance for teams with

heuristics was smaller than for teams without heuristicS. The error

terms were approximately normally distributed. No standard

transformatLon reduced the difference in variability. since the test

was at the commonly accepted limit and no better model existed, the

model was accepted as applicable for the results of the study.)

5.7 Statistic l Analysis Usint ANOVA Model for Roource Commitments to

Uriertain Events

The variable. used to measure resource commitments to uncertain

events was the proportion of uncertain events of a particular type to

which resources were committed subsequent to seeking information. Table

5.13 is the ANOVA table for the resource commitment variable.
IThe three-way interaction (timeutypeoheur) was not statistically

signiflicant. There was also no statistically significant two-way

interaction effects for typeotime. Using the mean square for

timewteam(hour) as an error term, there was no statistically significant

effect for heurstime (p x .1395). Using the mean square for

typewteam(heur) as an error term, there was an effect for typeohour (p •
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.0001). Since only time was not involved in any significant interaction

effects, only the main effects for time were analyzed, Using the mean

square for timewteam(heur) as an error term, there was no statistically

significant effect for time (p a .9874).

TABLE 5.13 AHOVA Results, Resource Commitments to Uncertain Events

Source DF Sum of Squares Mean Square

Model 125 34.07965841 0.27203727

Error 06 0,22562388 0.00342157

Corrected Total 191 31,30548231

Source DF Sum of Squares F Value Pr ) F

time 1 0.00000170 0.00 0.9874
type 3 22.91712950 110.98 0.0001
heur 1 1.10982200 10.05 0.0030
team(heur) 22 2.29129487 (no test)
typeitime 3 0.01171740 1.14 0.369
heurotime 1 0.01579571 2.30 0.1380
timewteam(heur) 22 0.14700877 (no teot)"
t'peoheur 3 3.04281147 14.74 0.0001
typeuteam(hbur) 08 4.54287201 (no test)
timewtypeoheur 3 0.00134371 0.13 0.9414

6.8 Findings Related to the HYDothIMss

Tho following subsections relate the findinSg outlined above to the

hypotheses presented in Chapter 3.

5.8.1 •ifUcs of Informakion Presentation Form

This research compares the impact of three coding schemes: two

single-featured schemes (color and alphabetic) and a conjunctive scheme

(combination of color and alphabetic). The following two subsections

repeat the hypotheses and present findings concerning the effects of

information presentation form on decision quality and perceived

workload,

56..1.1 Information Presentation Form and Decisio,,n gulit

UIla. The quality of team decisions in the TRAP will be higher
for teams confronted with seingle-featured (either alphabetic
or color-coded) event symbols than for teams confronted with
events represented by conjunctions of features, However,
there will be no difference in decision quality between teams
using an alphabetic coding scheme- and teams using a color
coding scheme.
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The primary measure of decision quality in performing the TRAP was

the ratio of a team's score on a trial to the computer model's Score on

the same trial. The ratio of a team's pointM earned from certain-valued

events to the team's total points provided a behavioral measure to help

explain overall performance differences; high quality dectsion making is

indicated by approaching the ratio achieved by the computer model, Data

on the proportions of various types of certain-valued events completed

was also analyzed; high quality decision making is indicated by low

proportions of low-value events completed and high proportions of high-

value events completed.

The results of this study suggest that information presentation

form does not affect overall decision quality on the TRAP. Using the

ratio of team soare to model score as a measure, there were no

slgnilicant differences among the form treatments (p a .0335). Teams

* using the color coding scheme earned 74,4 percent of the points earned

by the model on the same trials, teams using the alphabetic Vchone 73,0

percent, and teams using the conjunctive scheme 72.7 percent. It should

be noted that the tests were powerful enough to detect effects of other

variables, The power of the F teot to detect differences among

information presentation form treatments of 4 percent of the model score

(comparable to oth2r detected differences) given the variability

experienced in this study exceeded 00 percent.

Tho ratio of team score to model Moore is an overall measure of

tearn performance, but the same level of performance could be achieved in

a variety of ways. Other measures that describe how a team behaved with

respect to specific features of the TRAP help to explain differences in

performance, Specifically, two additional measures were used In this

study, The relative emphasis that a team placed on certain and

uncertain events was captured in the ratio of a team'$ points earned

from certain-valued evants to the team's total points, At a finer level

of detail, a second behavioral measure examined the proportion of events

of each type completed by a team.

Using the ratio of a team's points earned from certain-valuod

events to the team's total points as a measure, there were still no

significant differences among the information presentation form
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treatments (p a .8898), Teams using the color coding scheme earned 50,1

percent of their point. from certain-valued events, teams using the

alphabetic scheme 52.0 percent, and teams using the conjunctive scheme

48.2 percent, By comparison, the model earned 45,7 percent of its

points from certain-valued events.,

Similarly, information presentation form had no effects on the

proportions of specific certain-valued events completed. Completion

rates for two low-value events (1-player-l-point-per-player and 2-

player-2-pointe-per-player) and two high-value events (3-player-5-

points-per-player and 2-player-4-pointi-per-player) were analyzed. A

third type of low-value event, 3-player-l-point-per-player, could not be

statistically analyzed since only one much event was completed by any

team (a team using the conjunctive coding scheme). There were no

significant differences amung the form treatments for completion rates

of any of the analyzed event types:

l-player-1-point-per-player p • .6802

2-player-2-pointa-per-player p ..3184

3-player-5-points-per-player p • .9061

2-player-4-points-per-player p ..0752

Hypothesis HMe, then, was partially supported by the results of

this study, The findings supported the expected lack of difference in

decision quality between teams using different single-featured coding

schemes, However, the results did not support the expected difference

in decision quality between teams using sinlle-featured schemes and

those using a conjunctive scheme,

5,8,1,2 Information Presentation Form and Perceived Workload

Hib. The perceived workload in the TRAP will be lower for
teams confronted with mingle-featured (either alphabetic or
"color-coded) event symbols than for teams confronted with
events represented by conjunctions of features. However,
there will be no difference in perceived workload between
teams using an alphabetic coding scheme and teams using a
color coding scheme.

The single measure of perceived workload in performing the TRAP was

the averaSe of team member Subjective Workload Assessment Technique

(SWAT) ratings. SWAT ratings may range on a scale from 0 to 100 (see

Appendix A). The results of this study suggest that information
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prenentation form does not affect perceptions of workload associated

with performing the TRAP. There were no significant differences in SWAT

ratings among the information presentation form treatments (p w .3582).

Hypothesis HIb, then, wag partially supported by the results of

this study, The findings supported the expected lack of difference in

perceived workload between teams using different gingle-featured coding

schemes. However, they did not support the expected difference in

perceived workload between teams using gingle-featured schemes and those

uging a conjunctive scheme.

5.9,2 Effects of Butgested Decision.Stratedv

This renearch assesses the impact of provision and discussion of

decision heuristics by comparing performance with the heuristics to

performance without the heurigticn. The following two subsections

repeat the hypotheses and present findintg concerning the effects of the

suggested decision strategy on decision quality and perceived workload.

5,8.2.1 Sugnetetd Decision-Btrategy and Docsigon Quality '

Hypotheses and findings concerning the effects of the suglested

decision strategy on decision quality are presented in two parts,

Effects on overall decision quality will be addressed first followed by

an assessment of the particular effects on the quality of decisions made

under uncertainty,

.8.2.1.1 Mffeat on Overall Decision Qualitjy.

HUa(M). The quality of team decision in the TRAP will be
higher with provision and discussion of decilion heuristics
than without provision and disoussion of decision heuristics.

In this study, overall decigion quality wasn affected by the
pregence or absence of a suggested decision strategy. Ratios of team

scores to model scores were significantly higher with heuristics (75.5

percent of model) than without heuristics (71.2 percent of model) (p

.0092).

Using the ratio of a team's points earned from certain-valued

events to the team's total points am a behavioral measure, teems with

heuristics earned a significantly lower proportion of their points from

certain-valued events (42.0 percent) than did teams without heuristics

(57.0 percent) (p a .029). For comparison, the model earned 45.7
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percent of its points from certain-valued events. Team# with heuristics

behaved more like the model than did teams without heuristios.

The heuristics treatment also affected the proportions of some

specific certain-valued events completed; teams with heuristics

completed fewer low-value events (as recommended in the heuristics) than

did teams without heuristics. Specifically, teams with heuristics

completed 3.5 percent of the l-player-1-point-per-piayer events compared

to the 7.7 percent completed by teams without heuristics (p a .0231).

ItypothemiS H2a(U), then, was supported by the results of this

study, The findings supported the expocted difference in decision

quality between teams with and those without the suggested decision

strategy.

.8,.2.1.2 1lfecto on the Quality of D,•e.ij Jny, gr fqnertarntg&.

HUa(M), Without the proviaio"n'aikd discussion of decision
heuristics, teams will seek additional infolrmtion about and
commit resources to uncertasi ovento at a rate different 6rom
that anticipated according tol esxpcted utility theory.,"'With
the provision and discusolon of decision heuristics, teams
will seek additional information about and commit resoUrces to
uncertain events according, to e0'0Pted utility theory.

Differences in how teams ,'dealt with uce:itainty were examined in

terms of the proportion of uncertain events about which teams soudht

additional information and the proportion of uncertain events to which

resources were committed subsequent to seeking additional Information,

8.8.2,1,2.1 Setking Information About Unneetain ,venti. Th ereculte of

this study suggest that the presence or absence of heqristics aces

affect tho proportion of uncertain events about which teams meek

additional information (p w .0048). Teaim# wit:, hquriltioi seek

information about significantly mora uncertain events (57.9 percent)

than do teams without heuristics (30.0 percent). For comparison, the

computer model, which Uses expected value as the basis for its decisions

about uncertain events, sought information about 60.7 percent of the

uncertain events.

The portion of hypothesis HUa(M) related to seeking information
about uncertain events, then, wag supported by the results ot this
.tudy, Teams with the suggested decision strategy sought additional

Information about uncertain events at a rate more consistent with
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expected utility theory than did teams without the guggepted decision

strat~egy.

5.0.2.1.2.3Cmitng2ore t juti By Eett. The results of
this study suggest that the presence or absence of beuriotion doom

affect the proportion of unctrtaiui events to wh)oh teams commit'

resources Pubsequent to seeking addl~tionaliromtn.A'tialy
the interAction between the heuristics treatment and the types of

uncertairt events was significant (p a .0001). Jour types of uncertain

events were defined by the combination of an event"M probability of

payoff ('11igh or LVow afid its poesible point value (Q, 2)., 300, or

84). The posuible combiuietions wore H9,.RI1, L30, and L64. Tabio.0-14

* provides the proportions of 4ach type of mncertikin oveint 4ontpleted by

teams with and teams withoub heuristics. Propox't~iong oompleted by the

computer model art &lN, included for' ý'omparLoon,

TABLE 5.14 1Lesource, Pommi.meonto to Unert&4n ti'ents

112' HO1 L84 L30

Heuirigtics 93.1% 0.1% 9110% 0.5%.

Without I
Hersic 5.0% 480.X 130 31.8%

Model 100.0% 4.6Z' 100,Q0%,2

Figure 5.1 graphically illustrate the interaction when dafia po~lint

&re computed as thu diffurence between the proportion of uncertain

events completed ý,y keaml and those completed by the model. (Thu zero

line on the figure reflects performance by tte mode',) The figure shows

that teams with heuristics committed refoirvis to uncertain event# at

rstes very similar to the modael. Teams without heuristics matched the

* ~model for events with a high probability of a large payoff (121) but

deviated fromn the model on other' events. Specifioally, teams without

heuristics over~comm1itted to events with low expected utility (119 and

1,30) a~nd ondercommitted to even~ts with high e~pecttd utility but a low

pivobabiiity of payoff (L894).
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The portion of hypothesis H2a(2) related to resource commitment to

uncertain events, then, was supported by the results of this study.

Teams with the suggested decision strategy committed resources to

uncertain events at a rate more consistent with expected utility theory

than did teams without the suggested decision strategy.

5.8.2.2 Suggested Decision Strategy and Perceived Workload

H2b. The perceived workload in the TRAP will be lower with
provision and discussion of decision heuristics than without
provision and discussion of decision heuristics.

In this study, perceived workload, as measured by SWAT ratings, was

not affected by the presence or absence of a suSgested decision strategy
(p a .7785). Teams with heuristics rated the TRAP at 39.5 on the 100-

point workload scale; teams without heuristics rated the TRAP at 38.2.

Hypothesis H2b, then, was not supported by the results of this study.

5.8.3 Effects of Time Stress

This research compares the impact of two levels of time stress.

The following two subsections repeat the hypotheses and present findings
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concerning the effects of time stress on deciaien quality and perceived

workload.

5,8.3.1 Time Strege and Decision Quality.

H3a. The quality of team decilions in the TRAP will be higher
under moderate time pressure than under high time pressure.

The reaulte of this study suggest that time utreme deem affect

overall deoision quality on the TRAP. Using the ratio of team Moore to

model score as a measure, teams performed signifioantly better under

moderate time pressure (79,5 percent of the model Moore) than under high

time pressure (07.2 percent of the model Moore) (p m .0001).

Time pressure &igo had a main effect on the proportion$ of 1-

player-l-point and 2-player-4-pointo-per-;player events completed. In

each cage, teami completed more events under moderate time pressure than

under high time premtire. Table 5.15 showm the proportion$ of the two

types of events completed under high and imoderate time premuureiand the
gignificance of the differences. Proportions completed by ithe model are

also shown for comparison. Note that, although teamg came closer to

behaving like the model under moderate time pressure than under high

time pressure, it wag not necessarily 'good' to complete more low-valued

events.

TABLE 5.15, Events Completed versus Time Pretiure

1 Player 2 Players
1 Point 4 Pointi each

Model .073 .589

High
Pragoure .048 .302

Moderate
Preusure .004 .430

SSignificance p a .040 p a .002

Time stresi also affected information seeking activity. Teams

gought additional information about mignificantly more uncertain events

under moderate time pressure (52.0 percent) than under high time

pressure (43.9 percent) (p w .0001), For comparison, the computer model
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sought information about 05.7 percent of the uncertain events. Teamg

behaved more like the model under moderate time pressure than under high

time pressure.

Hypothesis H3a, then, was supported by the results of this study.

Except for the number of low-valued events completed, the findings

supported the expected degradation of decision quality under high time

pres sure.

5.8.3.2 Time Stiess and Perceived Workload

H3b, The perceived workload in the TRAP will be lower under
moderate time pressure than under high time pressure.

Using SWAT ratings as a measure, team perceptions of workload in

trials under moderate time pressure were significantly lower (31.0) than

in trials under high time pressure (40.7) (p a .0001). Hypothesis H3b,

then, was supported by the results of this study.

5,8,4 Effects of Practice

This research assesses the impact of practice on TRAPiperformance.

The following two subiections repeat the hypotheses and present findings

concerning the effects of practice on decision quality and perceived

workload.

5.8.4.1 Practice and Decision Quality.

Mia, The quality of team decisions in the TRAP will improve
with practice, especially in early sessions.

The results of this study suggest that practice does affect overall

decision quality on the TRAP. Using the ratio of team moore to model

score as a measure, teams performed significantly better in sessions 3

and 4 (75.0 percent of model) than in sessions 1 (70,7 percent of model)

and 2 (72.7 percent of model) (p a .0003).

Using the ratio of a team's points earned from certain-valued

eventn to the team's total points as a behavioral measure, teams earned

a higher proportion of their points from certain-valued events in

session 2 (53,5 percent) than in any other session (session 1, 49,8

percent; session 3, 49.0 percent; session 4, 47.4 percent) (p a .0083).

For comparison, the model earned 45.7 percent of its points from

certain-valued events; after deviating in session 2, teams returned to a

more appropriate proportion during sessions 3 and 4.
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In terms of the proportions of specific certain-valued "vents

completed, practice had a main effect only on the proportion of 2-

player-4-points-per-player events completed. Teams completed more of

these events in session 2 (44.3 percent) than in any other session (38.1

percent in session 1, 39.2 percent in session 3, and 38,0 percent in

session 4) (p m .0310). For the Oake of comparison, the model completed

58.9 percent overall with essentially no variation among sessions).

Practice &lo affected information seeking activity. Teams sought

additional information about significantly more uncertain events in

session 4 (51.2 percent) than in either session 1 (47.7 percent) or

session 2 (45.9 percent) (p .,0112). For comparison, the computer

model ought information about 65.7 percent of the uncertain events.
Hypothesis H4a, then, wag supported by the results of this study,

The findings supported the expected improvement in decision quality over

the four experimental SeSlionS, The reSults for the behavioral
variables suggest that the performance improvement was achieved by first

improving efficiency in handling certain-valued events and then by more

appropriately handling uncertain events,

5,8,4,2 Practice and Perceived Workload
H4b. The perceived workload in the TRAP will decline with
practice, especially in early sesdions.

Using SWAT ratings as a measure, team perceptions of workload were

significantly lower in selsion 3 (33.5) than in any other session
(session 1, 39,5; session 2, 42.1; session 4, 40.2) (p m .0001).

Hypothesis H4b, then, is not clearly supported by the results of this
study; variations in perceived workload do not match the expected

pattern.
5.8,5 Interactive Effects of Time Stress and Information Presentation

Form

This research assesses the interaction between time stress and
information presentation form. The following two subsections repeat the
hypothesoe and present findings concerning the impact of the interaction

on decision quality and perceived workload.
5.8.5.1 Time Stress/Information Presentation Form and Decision Quality.

H5a. Time pressure and presentation treatment will interact
such that the advantage of single-featured coding over

m0 8
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conjunctive coding for decision quality will be greater under
high time pressure than under moderate time pressure.
However, the relative effectiveness of alphabetic and color
coding for decision quality will remain the same whether under
high or moderate time pressure.

The results of this Study Suggest that there are no interaction

effects between time stress and information presentation form on

decision quality. Using the ratio of team score to model score as a

measure, variations in time pressure did not modify the lack of effect*

related to the coding Schemes (p a .6013). There were also no

interaction effects between time stress and information presentation

form using the ratio of a team's points earned from certain-valued

events to the team's total points as a behavioral measure (p s .5525).

Hypothesis HUa, then, was partially 'suppor'ted by the results of

this study. As expected, time pressuredid not modify the relative

effectiveness of alphabetic and color coding'schemes for decision

quality. However, contrary to expeatations,.time pressure also failed

to modify the relative effectiveness of single-featured and conjunctive

coding schemes for decision quality.

5.6.5.2 Time Streos/Information Presentation Form and Perceived

Workload.

H5b. Time pressure and presentation treatment will interact
such that the advantage of single-featured coding over
conjunctive coding for perceived workload will be greater
under high time pressure than under moderate time pressure.
However, the relative Impact of alphabetic and color coding on
perceived workload will remain the same whether under high or
moderate time pressure,

Using SWAT ratings as a measure of perceived workload, there were

no interaction effects between time stress and information presentation

form (p a .2924). Hypothesis H5b, then, was partially supported by the

results of this study. As expected, time pressure did not modify the

relative impact of alphabetic and color coding. However, contrary to

expectationS, time pressure also failed to modify the relative impact of

single-featured and conjunctive coding on perceived workload.

5.8,0 Interactive Effects of Practice and Information PreSentation Form

This research assessed the interaction between practice and

information presentation form, The following two subsections repeat the

87



hypothegeg and pregent findingo concerning the impact of the interaction

on decision quality and perceived workload.

.8,.0.1 Pragtige/Information Presentation Form and Docimion Quality.

HO&. Practice and presentation treatment will interact such
that any differences in the relative effectiveness of
alphabetic and color coding for decision quality will
attenuate over the four experimental sesuions. However,
differences in the relative effeotivenegd of conjunctive and
single-featured coding will remain constant over the four
experimental uesuionu.

The results of this study suggest that there are no interaction

effects between practice and information presentation form on decision

quolity. Using the ratio of team Naore to model doors &A a measure,

practice did not modify the lack of effecti related to the coding

schemes (p m .9112). There were alo no interaction effecto between

practice and information presentation form using the ratio of a team's

points earned from avrtain-valued events to the team'# total poiAit ad a

behavioral measure (p - .2705.)

Hypothefis HEa, then, wag partially supported by the re&.ulto of

this istudy. Am expected, practice did not modify the relative

effectiveness of conjunintive and dingle-featured coding schemes for

decimion quality. However, contrary to expectations, practice l1s0

failed to modify the relative effectiveness of alphabetic and color

coding schemes for decision quality.

5.8..2 Practice/Information Presentation Form and Perceived Workload,

HOb. Practice and prementution treatment will interact such
that any differences in perceived workload associated with
alphabetic and color coding will attenuate over the four
experimental meuuionm. However, differences in perceived
workload associated with conjunctive and mingle-featured
coding will remain conmtant over the four experimental
sessions.

Using SWAT ratings as a measure of perceived workload, there wore

* no interaction effects between practice and information prelentation

form (p a .0415). Hypothesis HOb, then, was partially supported by the

results of this study. As expected, practice did not modify the

relative impact of alphabetic and color coding on perceived workload.

However, contrary to expectations, practice also failed to modify the

relative impact of vingle-featured and conjunctive coding.
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5.8.7 Interactive Effects of Time Stress and Suggested Decision

Strategy

This research assessed the interaction between time stress and the

suggested decision strategy, The following two subsections repeat the

hypotheses and present findings concerning the impact of the interaction

on decision quality and perceived workload.

5.8.7.1 Time Stres'/Suggoeted Decision Strategy and Decision Quality,

VTa. Time pressure and heuristics treatment will interact
.such that the differenoce in decision quality related to
heuristics treatment will be greater under high time pressure
than under moderate time pressure.

The results of this study suggest that time stress and the

suggested decision strategy do interact. Using the reoio of tcam score

to model score as a measure, the heuristics treatmer'., nd time pressure

interacted such that, under high time pressure, taams with ieuristics

(06.A percent of model) did little better than teams without hturistics

(85,7 percent of model); however, under moderate time prasaure'l teams

with heuristics oored significantly higher (82.4 percent of model) than

did teams without heuristics (70.6 percent of model) (p v .0300).

Using the proportion of 2-player-2-points-per-player event

completed as a behavioral measure, there was a three-way interaction

among the heuristics, time Stress, and practice variables (p a .0036).

Table 5.16 provides the proportions of these events completed by teams

with and without heuristics during each session under high and moderate

time strtes. For comparison, the model completed about 4.3 percent of

the 4-point events. Figure 5.2 graphically illustrates the interaction.

Except during session I under moderate time pressure (when teams with or

without heuristics completed about the same number of 4-point events).

teams with heuristics cooisistently completed a very low proportion of 4-

point events. The highest proportions of 4-point events completed by

teams without heuristics were in sessions 2 and 3 under moderate time

stress; the lowest proportion for teams without heuristics was in

session 3 under high time stress. The resulti duggest that teams with

heuristics learned quickly to ignore 4-point events; beyond session 1,

time smtreau had little impact on the proportion completed, Except under

moderate time pressure in session 1, teams without heuristics
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consistently completed a higher proportion of 4-point events than did

teams with heuristioc; the magnitude of the difference varied depending

on both practice and time NtreMd. Under high time etrela, teams without

heuristics completed a moderate number of 4-point events except for a

lower proportion in uession 3; under moderate time stream, teams without

heuristics completed a moderate number of 4-point events in sessions 1

and 4 and a higher proportion in Meuiont 2 and 3.

TABLE 5.10 Timiewsegsohur Effect$ on Oompleting 4-Point Events

Session
1 2 3 4

With heuristics

High stress 0,3% 0.7% 1,0% 1,0%

Moderate sbress 3.,x 1,0% 1.7% 1.7%

Without heurietico

High stress 5.2% 4.8% 2.1% 4.3%

Moderate stress 3.2% 7.7% 7.0% 4.2%

Hypothesim aTa, then, was not supported by the results of thig

study, The interaction between time stremo and the suggested decision

strategy did affect decision quality, but not in the expected d.,'ection.

The suggusted decision strategy had a greater impact on overall

performance under moderate time pressure than under high time pressure.

The specific behavioral impact on completing 4-point events depended on

practice,

5.8.7.2 Time Gtresf/Sutesited Recision Strategy and Perceived Workload,

1H7b. Time pressure and heuristics treatment will interact
ouch that the difference in perceived workload related to
heuristics treatment will be greater under high time pressure
than under moderate time pressure,
Using SWAT ratings as a measure, the interaction between time

stress and the suggested decision strategy had no uignificant effects on

perceived workload (p w .4490). Hypothesis H7b, then, was not supported

by the results of this study; time pressure did not modify the impact of

the suggested decision strategy on perceived workload,

g0

- R4 W



Tlmoesosseheur lnteraotlon PlotNifgh Ti106 olives

PeOI(nt1 OOMPIOg~d

4

2

12 
4

W~hhourietlos *e WIon~ ou~lo
With moerl t-h-- Wisonghsret

Pecn 00O66

24

00



5.8.8 Interactive Effects of Practice and Suggested Decision Strategy

This research assessed the interaction between practice and the

Sug8ested decision strategy, The following two subsections repeat the

hypotheses and present findings concerning the impact of the interaction

on decision quality and perceived workload.

5.8.8.1 Practice/Suggested Decision Strategy and Decision Quality.

HSa, Practice and the suggested decision strategy will
interact such that the advantage with provision and discussion
of decision heuristics will attenuate over the four
experimental sessions.

The results of this study suggest that there are no interaction

effects between practice and the suggested decision strategy on decision

quality except for the three-way heurotimeuses interaction effect on

completing 2-player-2-points-per-player events ($ee Section 5.8.0,1).

Using the ratio of team score to model mcor@ am a measure, practice and

the heuristics treatment did not interact (p * .9185). There *av also

no interaction between practice and the suggested decision itrategy

using the ratio of a team's points earned from certain-valued events to

the team's total points as a behavioral measure (p s .0904). Hypothesis

HBa, then, was not supported by the results of this study. In other

words, the heuristics were effective immediately, and teams with

heuristics retained their advantage throughout the experiment.

5.8.8,2 Practice/Suggested Decision Stratefl and Perceived Workload.

HBb. Practice and the suggested decision strategy will
interact such that differences in perceived workload between
teams with and those without provision and discussion of
decision heuristics will attenuate over the four experimental
sessions.

Using SWAT ratings as a measure of perceived workload, there wert,

no interaction effects between practice and the suglogted docisiov

strategy (p a .3092). Hypothesis HSb, thin, was not supported by the

results of this study; practice did not modify the impact of the

suggSited decision strategy on perceived workload,

5,8.9 Relative Effects of Inftvrmation Presentation Form and Suggosted
DIecision Strategy

This research compared the impact of information presentation form

and the suggested decision strategy. The following two subsections
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repeat the hypotheses and present findings concerning the relative

effects of the two variables on decision quality and perceived workload.

5.8,9.1 Information Presentation Form vs. Suggested Decision Strategy

and Decision Quality,

Hga, The magnitude of impact on decision quality related to
information presentation form and to the suggested decision
strategy will be the same.

The most important finding of this study is that, although no

significant effects of information presentation form on decision quality
were detected, heuristics did positively affect decision quality in a

dynamic group intellective task involving uncertainty. Therefore,

hypothesis Hga concerning the relative effects of the two treatments on

decision quality was not supported; the suggested decision strategy had

a greater impact on decision quality than did the information

presentation form.

5.8,9.2 Information Presentation Form vs, BSuA9testd pecision btratexy
and Perceived Workload.

Hlb, The magnitude of impact on perceived workload related to
information presentation form and to the suggested decision
strategy will be the same.

No significant effects of either information presentation form or
the suggested decision strategy on perceived workload were detected,
Therefore, hypothesis H1b concerning the relative effects of the two
treatments on perceived workload was supported.
5.9 Summary of Results

The most important finding of this study wag that, in a dynamic
group choice task, heuristics had a much greater positive impact on
decision quality than did varying the coding scheme by which decision
data was presented. Other findings include the following:

-- Neither information presentation form nor heuristics had an
impact on SWAT measures of perceived workload.

Groups performed better and perceived lower levels of workload
under moderate time pressure than under high time predsure.

Groups performed better and perceived lower levels of workload
with practice.

03



*

Neither tame stress nor practice modified the finding that
information presentation form had no effect on either decision
quality or perueived workload.

Heuristics had a greater effect on decision quality under
moderate time stress than under high time stress, However,
time stress did not modify the finding that heuristics had no
effect on perceived workload.

-= Practice did not change the effects of heuristics on decision
quality nor did it modify the finding that heuristics had no
effect on perceived workload.

This chapter presented a statistical analysis of the results of the

research. TV next chapter places the findings in the context of the

conceptual model and the relevant literature and discusses research

implications of the results,
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8.0 DISCUSSION OF RESULTS AND CONCLUSIONS
The first section of this chapter presents a discussion of the

rqgearch findings, The discussion is followed by a summary of the

overall conclusions from this research.

6.1' Discusaion of Results

This section opens with a discussion of the most important result

of the study, which concerns the relative impact on decision quality of

decision process aids and information presentation forms. The opening

Pubvoction is followed by a diSougsion of other findings, A third

subsection briefly presents mome observational findings not clearly

related to any of the hypotheses.

6.1,1 Discussion of Primary Result

The most important finding of this research is that, I•n a dynamic

group intellective task, the impact on decision quality of aids which

guided the decision process was much greater than the impact of the form

in which information was presented. In the context of the conceptual

model for this study, direct interventions in the decision making

process by means of a suggested decision strategy had a greater ultimate

impact on decision quality than did indirect interventions by means of

modifications to the information presentation form.

0,1,1,1 SuAlted Decision Stratedy and Decivion Quality. To better

understand why teams with heuristics performed better than those without

heuristics, videotapes of six teams (the top three and the bottom three

teams selected on the basis of overall average ratios of team scores to

model scores) were reviewed. None of the bottom three teams received

the heurJstics; the top two teams received the heuristics, and the third

tbot team quickly developed and adopted a strategy very similar to thrt

proposed in the heuristics. Contrasts between the top three and the

buttom three teams, then, will be used to illustrate decision-making

Sdifferences between teams using strategies oriented toward the

heuristics and those usin$ alternate strategies.

By providing and encouraging discussion of the heuristics, it was

expected that explicit attention paid to an experience-based strategy

would increase the probability that team members would recognize correct

choices in the TRAP and would thereby improve decision quality. Three
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comparisona between the top three teams and the bottom three teams

sugge t that teams with the heuristics (or with a clear commitment to a

heuristics-like strategy) were better prepared to recogniae correct

choices than were teams without the heuristics, First, the top three

teams wasted leos time searching for alternatives (an average of 10.9

time units per trial when no resources were committed) than did the

bottom three teams (15.0 time units per trial), Second, the top three

teams made poor choices (selected less than the best combination of

events) less frequently (an average of 3.9 times per trial) than did the

bottom three teams (8.7 times per trial). Finally, the top three teams

reversed commitments (used their reset buttons) leos frequently (an

average of 1,8 times per trial) than did the bottom three teams (3.0

times per trial).

The link between the decision heuristics and improvea performance

was also hypothesized in part on the basis of providing the heuristics

as a technique for reducing human bias in decision making [FISC82],

Each of the four heuristics provided was intended to overcome a specific

bias evident in the performance of previous TRAP participants. Behavior

differences related to each of the expected biases between teams with

heuristics and those without heuristics help to explain the overall

performance differences.

0.1.1.1,1 Heuristic •1, The first heuristic encouraged teams to

complete high-certain-valued events as a first priority. Specifically,

teams were told to look for both 3-person-5-points-per-person events and

2-person-4-points-per-person events in combination with a 5-point event

for the third person. All teams, with or without heuristics, complete

all or nearly all of the 3-person-5-points-per-perdon events, There was

also no statistically significant difference between teams with

heuristics and those without in the number of 2-person-4-pointo-per-

- person events completed, Reviews of the videotapes, however, suggest

Stheft teams using a heuristics-oriented strategy tended to be more

selective in completing these events.

Teams without heuristics completed 42.0 percent of the total number

of 2-person-4-points-per-person events; the bottom three teams in

particular completed 51.2 percent. Of the available combinations of 8-
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point events with 5-point events for the third person, the bottom three

teama still completed 51,2 percent. Judging by their comment. and

actions, the bottom three teams Simply sought to complete a significant

number of the 2-person-4-pointo-per-person events. Where high-value

combinations were completed, they were often discovered only because the

third person went looking for a one-person event after the other team

members indicated intent to commit resourcel to the two-person event,

By comparison, teams with heuristics completed 37A1 percent of the

total number of 2-person-4-pointg-per-permon events; the top three teams

in particular completed about the gatar number (37.2 percent). However,

of the available combinations of B-point events with 5-point events for

the third person, the top three teams completed 82.2 percent. Judging by

their comments and action#, the top three teamu looked for high-value

combinations involving 2-person-4-points-per-peroon events.

0.1.1.1.2 Heuristic #2. Of the heuriltics provided, the one that

seemed to have the greatest overall impact was the second heuristic

which guided teams toward using expected utility theory in dealing with

uncertain events. As Suggested by prospect theory EKARN79], teams

operating without the heuristics in this study valued certain gains over

merely probable gains, Specifically, teams without heuristics earned a

larger proportion of their points from certain-valued events than from

uncertain events and Sought additional information about fewer uncertain

events than did teams with heuristics. Teams operating with the

heuristics, on the other hand, handled uncertain events according to

expected utility theory (KAHN793, illustrating the debiasing effects ot

the heuristics [FISCB2L.

The magnitude of the impact of the second heurigtio seemed to be

related to two factors. First, 20 uncertain events represent a

significant proportion (31 percent) of the available events in each

trial, so differencom in Strategy concerning uncertain events resulted

in clear differetco in performance. Second, differences in gtretegy

concerning uncertain events between teamm with heuristics and those

without were more obvious and consistent than were differences in

strategy related to any of the other heuristics. Teams with the

heurisoAcm very consistently followed the expected utility guidelines
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for handling uncertain events. By contrast, teams without the

heuristics ranged from almost totally avoiding uncertain events to

depending almost exclusively on uncertain evento. Teams without the

heuristics also varied greatly in their selectivity in committing

resources to uncertain events subsequent to seeking additional

information. For example, among the bottom three teams, one team

committed resources indiscriminately to almost every uncertain event

about which it sought information, one team essentially ignored

uncertain events until the last two trials, and one team committed

resources to uncertain events on the basis of high probability of payoff

rather than high expected value.

6.1.1.1.3 Heuriutic_*3. The third heuristic encoura,wd teams to ignore

low-certain-valued events, As expected, teams with heuristics completed

a statistically significant lower number of low-valued events than did

teams without heuristics, The bottom three teams completed more than

three times as many low-valued events as did the top three teams, Given

the small proportion of low-valued events completed even by teams

without heuristics, however, the direct impact of this heuristic wai

limited. The average difference in points earned from low-valued events

between teams with heuristics and those without was less than 1.1 points

per trial, An indirect impact of the heuristic was that teams with

heuristics committed resources to more valuable events while teams

without heuristics were committed to earning that 1 point per trial, but

there is no clear mechanism for placing a value on the indirect benefit.

6.1.1.1.4 Heuristic 04. The fourth heuristl suggested that teams

* remain synchronized in committing resources to events. In other words,

team members should commit individual resources to a combination of

events simultaneously so that all team resources will be free for

follow-on commitments simultaneously and at regular intervals,

Synchronization should reduce conflicting demands on a resource and,

therefore, simplify the decision-making process. In reviewing the

videotapes, the occurrence of a loss of synchronization was defined to

be any occasion on which a team member committed his/her resource two

"0- time units or more later than other resource commitments by the team.
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On average, the top three teams lost lynchronization 2.2 times per trial

while the bottom three teams lost synchronization 5.0 times per trial.

0.1.1.2 Interactive Effects -of Time Streis- and Su~gqseld Decimion

Strategy. Heuristics had a greater effect on decision quality under

moderate time stress than under high time Ntredo. UoinS the overall

performance measure (ratio of team Moore to computer model score), the

heurisýics had a positive influence on declison quality only under

moderate time pressure. Two interpretations of this finding were

considered,

First, it could be that, given time to apply the heuristics, the

heurigtics provide a performance gain with no apparent coot in perceived

workload. In other words, under high time streti, teams may have

resorted to very simple decision rules, whether or not they had received

the' heuriotid•, reacting as beat they could, Under moderate time

pressure, teamN had time to more carefully consider their alternativel

and could adopt more complex decision rules, whether the decision rules

were provided externally or created internally. The heuristics, then,

may have focused team attention on applying a conuistently 'good' Not of

decidion rules that improved performance without making the talk any

more difficult than it was for teams who applied their own decision

rules,

If the lack of significant impact of the heuristics on SWAT ratings

is assumed to be due either to counteracting effect# or to mealurement

problems with SWAT, a second interpretation is that Nome of the

holmriltico may have added to the demand# on human information procesling

rather than routinizing decilions. It could be, am for the first

interpretation, that under high time pressure, teams resorted to very

simple, reactive strategies; teams with heuristicS, whole information

procellin$ capacity may already have been taxed by the demands of the

Shigh speed task, failed to apply the whole get of heuristics. Under

modorate time pressure, however, teams with the heuriltics may have had

greater capacity to consider and to apply the heuriotics to their

decidions.

Both statistical and observational findings along with skepticism

about the SWAT ratings lead to favoring the second interpretation. For

go
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example, since there were no statistically significant effectg of time

piressure or of any interaction involving time pressure on resource

commitments to uncertain events, it could be that the heuristic

concerning handling of uncertain events was particularly easy to apply.

If so, it may have routinized decihions about those events and become

equally useful under high or moderate time pressure.

On the other hand, oboervationg of the best three and the poorest

three teams suggest that applying the heuristic to look for high-value

combinations of events involving 2-person-4-points-per-person events may

have been more difficult, Poor teams (all operating without heuristics)

completed more 8-point events under moderate time pressure, when they

had more time to choose events, than under high time pressure. For some

of those 8-point events (about the mame proportion am under high time

pressure), the third person found a 5-point event to oomplete once team

ntmbers had chosen to work the 8-point events. Therefore, their

increased rate of completing high-value combinations simply matched

their increased rate of o'mpleting S-point events, The best teams (all

o;perating either witt the heuristics or with a heuristics-like

strtoegy), completed the same number of 9-point events but more high-

value combinations under moderate time pressure than under high time

pressure, Combinations of events were apparently more difficult to

identify than single events, With more time to search for high-value

combinations, teams with heuristies-oriented strategies tended to

complete more high-value combinations under moderate time pressure than

under high time pressure. Since applying the heuristic on high-value

combinations seemed difficult, applying it may have exceeded information

processing capacity at the high time stress level but not at the

moderate level.

Finally, the second interpretation attributes the lack of impact of

the heuristics on perceived workload to one or both of two factors. The

routinizing effect of one or more of the heuristics nmay have been

counteracted by the difficulty in applying other heuristics, resulting

in no net effect on perceived workload. The second factor is that SWAT

ratings may not have adequately captured perceived workload.
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If the 9econd interpretation ii correct., there are interesting

inijlioationg for supporting dynamic intellective tasks in practice

tperh~pg dome monitoring tasks aggociated with air traffic control or

aircraft cockpit operations) that seem worthy of exploration. Up to

moms undetermined level of stress, providing decision ruled to human

decision makers may be sufficient to assure good performance. Beyond

the point at which applying the decision rules exceeds information

processing capacity, however, other mechanisms, guch as invoking expert

system support, may be more effective.

In future studies, the impact of the heuristics themselves on

information processing capacity should be assessed. The effects of
variations in the scope of the heuristics and in the form in which the

heuristics are provided would help to explain the interactive effects of
* time stress and heuristics,

8.11.3 Intereative. 2-fecats of Prac-tice and Sugesited Decision

Stratogy. Practice did not change the effects of heuristics on decision

quality nor did it modify the finding that heurigtics had no effect on

perceived workload, Although the results of this study failed to

demonstrate otatistically that practice coulre. attenuate differences in

decision quality between teams with heuristics and those without,

subjective evidence suggested that gome teams without the heuristics

moved, at different rates, toward a heurý.vticg-oriented strategy. The

one team in the top three that did not have the heuristics adopted a
similar strategy early and continued to evolve toward a strategy that

closely matched the heuristics. They completed a high proportion of

* ~high-certain-valued events and combinations of evenits, avoided low-

valued events, and remained reasonably well synchronized, They algo

gradually increased the number of uncertain events about which they

so~ught additional information and became increasingly selective about

committing resources to uncertain events with high expected value.

One of the bottom three teams abruptly increased attention to

uncertain events in the last two trials and1 realized obvious

improvements in their scores. Given additional trials, they may also

have further refined their atrategy to approach the heuristics. Other

teams without the heuristics (including the other two bottom teams)
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seemed to settle early on i strategy and to maintain it throughout the

experiment. Research about how and why some groups choose to innovate

while others maintain initial strategies would be useful,

5,1.1.4 Information Presentation Form and Decision Quality. The lack

"-of a statistically significant effect of information presentation form

or of any interaction involving information presentation form on

decision quality in the TRAP is an important finding. It reinforces
finlngis that humans adapt readily to and perform consistently under a

variety of task conditions [LKMASO).

The lack of statistically significant performance differences

between groups using sinSle-featured coding schemes and those using

conjunctive schemes should not be taken as evidence against feature

integration theory. TeSts of the theory typically present objects only

until participants make a response (less than 3 seconds for displays

with density comparable to the TRAP displays) [TREIOO]. The intent of

attention research is to detect differences in the ijnitiJl mental

processing of the object. TRAP events, by contrast, remain visible and

available for initiating resource commitments for up to 20 seconds under

hith time stress and up to 40 Seconds under moderate time stress. The

relative longevity of TRAP events provides the time for confirmation of

the identity of every object, Any disadvantage in initial mental

processing of TRAP events presented via any particular coding scheme may

be compensated for by the opportunity to confirm the location and

identity of the events.

The lack of performance differences between groups using a color

coding scheme and those using an alphabetic scheme supports previous

fi.lings that there are 'no clear and consistent advantages for any one

visual code set over the others' LOHRIS3, p. 83]. Bo,,h color and

alphabetic schemes are excellent for locating objects [DAVI83]. TRAP

6 event longevity probably also contributes to comparable performance with

either sinSle-featured coding scheme,

0,1.1.5 Summary of Primary Resul-t. The major research outcome suggests

that efforts in both information systems research and decision support

system design could benefit greatly from a focus on aiding the decision

process itself. Decision support technology, particularly alternative
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computer-based forms of presenting information, have been the focus of

many research efforti. Advances in graphics technology make research in

applying the new tools tantalizing, The results of this study Suggelt,

however, that researchers have been probing only the tip of the iceberg.

A greater gain in understanding decision making and in J]earnin$ how to

improve decision quality depend on probing what lies beneath the surface

-- the process by which decision are made.

This study illustrates the benefits of applying simple decision

rules to a dynamic group intellective task involving uncertainty, Teams

with heuristics (or using heurigtion-oriented strategiel) adopted a met

of behaviors that contributed to improved decision quality. The

behaviors they adopted reprenent departures from the biases evident

among teams without the heuristics. Since the decision processes used

by the groups appear to have been related to group member biases,

Huber's program model neems to provide a reasonable description of the

group decision procens in the context of this ntudy CHUB26l3. Further,

it seems to be possible to di"ectly intervene in the Sroup's decision

process and to overcome member biases by providing a suggested decision

strategy (training),

This study should be coiisidered as an early exploratory study of

the effects of decision process interventions on group performance. Just

ad the need for programs of research (rather than one-shot experiments)

was stressed for clarifying the impact of graphics on decision-making

(DICKSO., BENBS8c], progress toward understanding the impact of decision

heuristics will he best achieved through programs of research.

Additional studiew on the impact of different types of heuristics on

taWks with different levels of structure are needed to fully explain the

relationships of heurintioc-aided decinion processes to decision quality

and group perceptions.

0.1,2 Diccuulion of Other Findingl.

The discussion for each of the following findings explains the

results in the context of relevant theory and related research findings

and identifies implications of the findings for research and practice.

.1.2.1 Iwagk of findinis Related tgo P-ercived Workload, SAT ratinig

were captured as an alternative and potentially more sensitive measure
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of the impact of the independent variables in the TRAP, but SWAT ratings

were not, in fact, more sensiltive than TRAP scores, SWAT ratings

capttired the largest effects (eg., the offects of time stress), but

missed many of the more interesting effects,

Observational findings suggest that SWAT ratings may not always

have been a valid measure of an individual's perception of the workload

imposed by a particular trial, For example, when faced with a question

about the time stress imposed by a Just-completed trial, some

participants were heard to ask others whether the trial had been a fast

or a slow one, Some participants may have applied an algorithm to

routinely assign a particular rating based on the objective speed of the

trial rather than on their perceptions of the stress involved. Ratings

of the psychological stress (confusion, frustration, etc.) imposed by a

trial may also not have been consistently valid; ratings may have been

influenced by the level of performance achieved on a trial, Team

conversations subsequent to low-aooring trials sometimes indicated

intent to increase ratings of psychological stress, even though

breakdowns in team communication or coordination rather than increased

trial difficulty accounted for the low score, Other measures of

workload, as well as measures of decision confidence, satisfaction with

the decision process, and other peroeptions, Phould be captured in

further studies to more fully explain the impact of changing task

conTdi tions,

,Given the longevity of TRAP events on the display, aspects of

performing the TRAP other than locating and identifying the events may

have had greater influence on workload perceptions, ?or example,

assessing the value of committing resources to various )Ashible

combinations of events is a frequently recurring and a potentiblly

difficult mental task in the TRAP that would not be influenced by

differences in coding schemes, Any difference in the event

identificotion workload associated with a particular codins scheme may

have been overwhelmed by the demands of the more difficult value

asoevsment task, which was the game for all coding Schemes, Knowing

which aspects of a task contribute most to its difficulty should aid in

determining where decision aids would be most useful.
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The lack of effect of the heuristics, in particular, on perceived

workload may have been due in part to workload associated with applying

the heuristics to a decision situation. Any contribution of the

heuristics themselves to the load on the human information processing

S•t'95m could counteract the benefits of routivizinS TRAP decisionS, The

net effect would then involve no apparent influence of the heuristics on

perceived workload. Further studies should asmego the impact of varying

the scope of the suggested decision strategy.

0,1,2.2 ffeocts of Time 8tres. Groups performed better and perceived

lower levels of workload under moderate time pressure than under high

time pressure. Measures of the effects of time pressure in this study

reinforce similar effecti in earlier studies [BROWSO, WI.S871. Time

pressure did make the TRAP more difficult and may, therefore, be an

4 appropriate mechanism for manipulating task difficulty in other decision

environments, particularly for dynamic intellective tasks.

This study, however, examined effects at only two levels of time

stress, Especially given the finding that time pressure interacted with

the heuristics such that the heuristics seemed to lose their

effectiveness under high time pressure, studies are needed to examine

effects at other levels of time pressure. It would be valuable, for

example, to identify a point at which switching from process support via

heuristics to expert system support might be appropriate. Additional

studies should also assess the impact of stress associated with

vaiables other than time pressure (e.g., fatigue, adverse working

conditions, limits on communication).

0.1.2.3 Effects of Practice, Groups performed better and perceived

lower levels of workload with practice. It should be noted that

learning associated with the steepest part of the learning curve (the

Power Law of Practice [CARDO3]) may not have been reflected in the

results of this study. Teams completed a training session involving

briefings, competency tests, demonstrations, and practice trials prior

to the start of session 1, Learning apparently continued, however, into

the experimental sessions,

Practice had a positive influence on decision quality in this

study, but the nature of its influence varied for different behaviors

108

46



Associated with decision quality. Overall performance, measured as the

ratio of the team's #core to the computer model's score on the same

trial, rbached its peak in session 3 and then maintained that level

through session 4, generally following expectations based on the Power

Law of Practice [CARDS3 and reinforcing the results of earlier studies

(BROW85, WILS87]. However, scaores for behavioral factors that

contribute to overall TRAP performance followed different curves, The

ratio of a team's points earned from certain-valued events peaked in

session 2, then returned to a level comparable to that in Selsion 1. On

the other hand, information seeking activity related to uncertain events

didn't peak until session 4. Taking these two factors and the videotape

review results together, the learning process could be characterized as

following two phasei In the firit phase, teams tend to become more

efficient at handling TRAP decisions according to an initial strategy.

In particular, given a bial toward certain-valued events, teams become

capable of completing more certain-valued events in a given period of

time. In the second phase, team# tend to make adaptations to their

strategies, usually Involving diverting mome attention from certain-

valued to uncertain events.

Workload perceptions were lowest at the game point that decision

quality reached its peak (sehsion 3), reinforcing the link to the Power

Law of Practice EOARD833, However, in session 4, workload perceptions

returned to the higher level of sessions I and 2. It could be that the

beneficial effects of learning on perceived workload in this vtudy were

confounded by fatigue effects. Sessions 1 and 2 were conducted in a

single 2-hour session with Just a short break in between. There was no

significant difference in perceived workload between the two sessions;

fatigue in session 2 could have counteracted the learning effects.

Sessions 3 and 4 were conductod in another 2-hour session on a separate
day., Perceived workload was at its lowest in session 3 when learning

was nearly complete and the participants were fresh; with no further

learning into session 4, fatigue could account for the perceptions of

incvreased workload, Replicating this otudy with different scheduling

approaches would help to separate the learning and fatigue effects.
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6.1,3 Other Observational Findinfs

Am indicated in Chapter 5, Kimble, MaNeses, and Goodyear examined

the effects of emergent leadership on TRAP performance in a study run

,3oncurrently with this experiment. They found no statiotical evidence,

usinS measures of the relative frequency and duration of talking among

team members, that emergent leadership had any effect on group decision

quality (KIMEB7], Reviews of the data and videotapes for the top three

and bottom three teams, however, reveal some interesting patterns,

During the experimental sessions, the time spent in verbal communication
by the top three teams averaged nearly five times that spent by the

bottom three teoms. What verbal communication there was among the

bottom teamg, none of which had the heuristios, was dominated by one

member of each team. The top two teams, both of which had the

heu:i, tiog, shared verbal communication time fairly equally among two or

all three team members, Communications on the third-place team, which

did not have the heuiltiag, was dominated by one team member, Those

reaults reinforce the expectation that the heuristics would improve the

likelihood that at least two team members would 'nee* the correct

annwers in the TRAP, an intellective tank for which 'truth, nupported,

wins' (MCGR041.

The behavior of name teams suggested that time spent in verbal

communication was not an adequate measure of either communication or

emergeint leadership, Some teams, including several that achieved high

performance scores, tended to communicate only by exception. They may

have met priorities for committing resources to the various types of

events during the training session or during breaks (which were not

videotaped). Then during the experimental seslions, team members Seemed

to simply move their cursors in unison to chosen events without

verbalizing dtractionn, They verbalized, then, only when a team member

deviated from the expected pattern or if a particularly noteworthy

situation developed. Additional research concerning the impact of

information technology on communication and leadership is needed. For

example, group members in this study could Noe what actions other

members took on the display; what effects would private screens or
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public screens available only on demand have on performance,

communication patterns, and group leadership?

One possible mechanism of communication and leadership in the TRAP

wad "leadership by cursor movement.' The videotapes were not reviewed

at a level of detail sufficient to detect it a team member consistently

moved his/her cursor to a display row ahead of other team members. In a

visually oriented task, however, such movement could have provided a oue

for others to move, and thus could have served communication and

leadership purposes. Further studies could tap the richness of

information from videotaped sessions to clarify the roles that

communication and leadership play in dynamic group choice tasks like the

TRAP,

0.2 Conclusions

The following two sections identify research Implications of this

study's limitations and provide a final summary of the key findings,

08.21 Limitations and Their lmvlicaaions for Researchers

Following are some implications for future researchers based' on the

limitations of this study.

1, The benefits of the heuristics may have been achieved at the

expense of taxing human capacity to process information, The scope of

the heuristics and the means for presenting them may be important

variables that should be tested in replications of this study.
12, There were indications in this study of Strategy changes for

some teams operating without heuristics. Further research about the

nature and timing of strategy innovations among teams with and without

heuristics, including an analysis of the process by which a team decides

to adapt itd strategy, would help to clarify how providing decision

rules affects the decision process.

3. The practice variable in this study may have been confounded

with fatigue effects. Replicating the study with alternative

experimental session scheduling approaches would help to clarify the

relative impact of practice and fatigue.

4, To the extent that speed of reoognition could contribute to

performance on a dynamic visual task, atte-ition theory was a useful

basis for Selecting coding Schemnes to test, Beousue of the longevity of
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events on the TRAP display, however, this gtudy wag not an appropriate

test of feature integration theory itself (a theory of attention). A

separate study would be required to detect whether the single-featured

codes used actually differed from the conjunctive scheme in speed of

initial event identification/location in a TRAP display,

5. SWAT ratings, as alternate measures of the impact of

independent variables in this study, were not as sensitive as

anticipated, It would be useful to test SWAT ratings against other

meavures of perceived workload for the TRAP and for other mental task$.

It would also be useful to examine effects of heuristics in the TRAP on

other perceptions (satisfaction with the decision process. confidence in

decisions, etc.).

6,2,2 Summary of Key Findingg

The most important finding of this itudy was that, in a dynamic

group choice task, heuristics had a much greater positive impact on

decision quality than did varying the coding scheme by which decision

data was presented. This result, taken in combination with the findings

of Cats-Baril and Huber [CATS87], strongly suggests focusing additional

development and research attention on how to directly aid the decision

process (e.g., by providing decision rules). It could be that the

technology by which decision information is presented is less important

than how the technology is used.

A second major finding reinforces the concept that training by way

of providing decision rules helps to overcome human biases in handling

uncertainty [FISC82. Docision-making groups tend to choose between

certain and merely probable gains according to prospect theory rather

than expected utility theory [KAHN791. In this study, groups without

heuristics also relied on a variety of s trategies other than one baled

on expected utility to choose among probabilistic gains, Given

heuristics that encouraged choosing according to expected utility,

however, groups adopted the recommended strategy and thereby improved

their performance. Further research should help to identify other

decision environments in which training for handling uncertainty would

be beneficial,
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APPENDIX A

SUBJECTIVE WORKLOAD ASSESSMENT TECHNIQUE (SWAT)

The Subjective Workload Assessment Technique (SWAT) provides a

- .,ire of mental wo,,kdoad assooiated with task performance. It was

on the bamis of additive conjoint measurement methodology for

ap;ýIicaticn originally to prublems related to aircraft pilot workload

(fEID81]. It has since been vp1idated on a variety of laboratory talks:

probability monitorinS, memory update, continuous recall, spatial

momotry, linguistic procesling, mathematical prooessing, grammatical

rqasoning, maze learning, and other# ERIID853S

SWAT measures workload on three dimensions: time load, mental

effort load, and psychologioal Itreliload, Eaoh dimension is judged on

a three-point scale; a definition of each dimension and its aslociated

sc~le follow:

TLme 4oad, (referm to the fraction of the total time that the

vubject is busy)

1. Often have spare time, Interruptions or overlap among
activltiel ocour infrequently or not at all,

2. Occasionally have spare time, Interruptions or overlap
among activities oour frequently.

3. Almomt never have spare time. Interruptions or overlap
among activitiel are very frequent, or occur all the
time.

Mental Effort Load (an index of the amount of attention or mental

effort required by a task regardless of the number of tasks to be

performed or any time limitation)

1, Very little consoious mental effort or ooncentration
required. Activity Is almost automatic, requiring little
or no attention,

2. Moderate conscious mental effort or concentration
required, Complexity of activity is moderately high dueI to uncertainty, unpredietability, or unfamiliarity.
Considerable attention required,

3. Extensive mental effort and conoentration are necessary.
Very complex activity requiring total attention.
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toychoiosigal Stress Lboad (refers to the contribution to total

workload of any conditions that produce anxiety, frustration and

infus~ion while pqt'orming a task or tasks)

1. Little confusion, risk, frustration, or anxiety exists
and can be easily accommodated,

2. Moderate stres• due to confusiont frustration, or anxiety
noticeably adds to workload. Significant compensation is
roquired to maintain adequate performance,

3. High to very intense stress due to confusion,
frustration, or anxiety. High to extreme determination
and self-control required.

The SWAT is a two-Step procedure involving a scale development

phase and an event scoring phase. In the scale development phase, each

subject performs a Nort, ranking all 27 possible combination$ of the

levels of each dimension from lowest to highest workload, If there is

sufficient agreement among the subjects' rankings, a single group scale

is developed using conjoint analysis (group scales have been possible in

all the studies to date), If there is insufficient aSreement, subgroup

or even individual scaled may be developed,

The event mcoring phase involved collecting judgments from each

subject on each of the workload dimensions following completion of an

activity. For this research, the scale for each dimension appeared on

each subJect' OCRT at the end of each TRAP vPial. The combination of

Judgments was then assigned a goale value from the scale developed in

the scale development phase.
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APPENDIX B

SAMPLE TRAP INSTRUCTIONS

Team Resource Allocation Problem

Alphabetic Coding

Before you take seats, pleale take a card which will determine

whether you will be team member A, B, or 0 for the study. (SubJecto

draw cards and are seated at appropriate seate,) Each team member has

hie/her own display and control box at the workstation, You will

communicate with your teammates through the headphones provided at the

workstation. The microphones on the headsets are called lip mikes

because they are intended to be kept nearly touching your lips, To hold

the background noise to a minimum and to hear your voices clearly,

pleaeo remember to keep the mike in this position. (Demonstrate)

ORNERAL INSTRUOTIONS

This experiment. is concerned with how team members work with one

onotoher to accomplish talks, You and your teammates will work together

to decide how best to allocate team resources (your work time) for the

good of the team in a talk which involves the processing of various

targets. You will work on some targets ourseIf, and on other targets

with one or both of your teammates, The major portion of the display

will have 11 rows. Targets, represented as circles labelled A, B, C, D,

and E will appear randomly in each of theme 11 rows. You will earn

points for the team by workinA on these targets before their time runs

outJ and they leave the Noreen, Working on a target simply means

melsectin a target by using the buttons on your control box to move a

cursor, pressing the start button, and waiting a few seconds for theI ta'get to be processed. Because more targets than you can possibly work

on will appear on the Soreen, the particular targets you choose, and

their point values to the team, will be quite important, Therefore, it
s necoessary for you to learn how the point values of targets are

,,,•,'dmined, Please listen carefully,

ALPHABETIC CODINO

T;ie pnint value of each target depends on two thingd; the number

of reqouir, workers and the letter that appears on the target, Overall,
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the point value of a target is proportional to the number of required

workers. The average value of all the targets is 3 points per person.

Tareets requiring one, two, or three workers are therefore worth an

average value of 3, 6, or g points, respectively, for the team, Whether

A particular target is worth this average value of 3 points per person,

or somewhat more or loeo, depends on the letter that appears on the

Since the letter A iullesto importance or urgency, you will gee

that targets coded toward the beginning of the alphabet are worth more

points on the average than targets coded later in the alphabet. With

this notion of alphabetic order in mind, let's examine the specific

point values assigned to the different targets. (Give subjects the

point values table,)

The point values assigned to the different targets are shown in the

table,

A targets are worth 5 points per proton

-- B tarSget are worth 4 points per person

-- 0 targets are worth 3 points per person

-- D targets are worth 2 points per person

"I E targets are worth I point per person

You should now be able to determine the point valuo of each target

by knowing the number of required workers and the letter that appears on

the target,

POINT VALUE TESTING

Because your understanding of the point values is critical to this

study, I am going to have you complete a short teot to demonstrate your

knowledgo of the point values of each target, Before taking the test

please examine the summary table of the point values and feel free to

ask questions about it, (Pauee) Do you have any questions before you

take the test?

(Give subjects the teot, If any questions are misled, discuss the

question with the subject to insure his understanding and then give him
a new test, Repeat this procedure until all subject# have answered all

the questions correctly.)

We are ready to continue. (START APPROPRIATE DEMO)
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DEMONSTRATION
This is a demonstration of the TRAP task. As you can see, there

at'n 11 r'ows on which targets appear at random and move across the Screen

fr:om left to right. The black squares In columns A, B, and C indicate
which operators are required to work on each target. The Scale at the

Lop represents 30 time units.

Working on a target is very simple. All you do is move your

marker, a green asterisk, to a target row and press the start button on

yo~ur rmsponse box. Work automatically begins, and after a Short time

(10 time units), your team will receive the appropriate number of pointe

for completing the target, Those points are automatically added to the

accumnulated points display (show). When you begin work on a target, a
black bar will appear in that tarlet'i row, The bar represents the 10

time units required to complete procenning of the target. The target

will move through the bar as the procensing proceeds, When the target
Smoves out of thl bar, processing of that target han been completed, In

order to complete a target before it leaven the noreen, you will have to

start it before it reachen the black daghed line (while the target is in
the opportunity window),

Work on each target can be done only by a particular team member or

combination of team membern, As the control box before you indioaton,

you are either team member A, B, or 0. You can work only on thone

St nr~vt9 which have a black square in your column, If a tar$tt has more

uhan one black nquare in front of it, both or all three corresponding

t--%m members will have to work on the target at thn Same time in order

to Vomplete it.
To work on a target, you must move your marker to the correnponding

black equare, You move the marker by preesing the buttons labeled up

ajid down on your control box, Oo ahead and move your marker around,

N•t•ce that if you prens the up button when you are on the top row, your

rmarker moves to the bottom row, Similarly, if you prees the down button

when you are on the bottom row, the marker moves to the top row,

Once you have the marker on the row corresponding to the target you
wigh to work on, all you have to do iS preen the xtart button, If you

are the only team member required for that target, work automatically



begins and the black square will turn yellow. However, if one or more
additional team members are required for the target, the black equate

will turn pink, This means that you are waiting to work, Work will

begin only when all the required workers for the target have moved their

m-.rknrs to the target and pressed their start buttons, When this

occuro, all the squares will turn yellow indicating that work has beSun.

While you are working on a target or waiting for another team

member at a target your marker will turn red. You can move it to any

row you choose in preparation for the next target you may wish to start,

When you become free, your marker will return to its green color

indicating that you are ready to press the start button for another

You may wish to stop working on a target before oompleting it, To

do this you simply preis the RESET button on your control box, Your

marker will turn groen indloating that you are free to start another

target, I others were working on the target with you, they will also

have to press their RESET buttons to work on a different target. You

will receive no points for targets whioh are not fully completed. If

you chooee you may begin to process the target over again, but it will

take a full 10 time units to complete it. The RESET button is also used

when you no longer wish to wait for other team members at a particular

Processing of each target takes 10 time units (TUM). A TU is some

arbitrary number of seconds. The current example trial has a TU of 3

seconds. It takes 30 TUM (in this example 90 seconds) for a target to

move completely across tho screen, During the actual experiment, the

numiber of seconds for a TU will be les, That 1I, the targets will move

across the screen more quickly and the time spent processing each target

will be less.

The table in the lower right hand portion of the display indicates'

whither each team member is free, waiting, or working. A black square

indicates that a particular team member is free, while a blinking pink

squore indicates that a particular team member is waiting, When a

pArtioular team member is working, a numeric countdown, in TUs, will
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indicate how much prooessing time remains until the team member will be

finished with the current target.

The countdown for each target will 9tart at 30 TUs when a target

i at the left-mowt part of the soreen, aad decrease at a constant rate

-'r the target movei to the right, When a target iu at the end of the

opportunity window (the black dashed line), the countdown will be at 10

JTUJ& The target leaves the screen at 0 TU. Since each and every target

?,qquireN 10 TUv for prooenaing, knowing how many TUs a target will

r'omair! on the soreen can be useful to you as you decide wh'ich targets to

work on, and when to work on them. In addition, comparing this

rnformation to the countdown of team membirg who are currently working

!show), can provide vital information about whether there will be enough

time to procien particular targets. For example, if a team member hag 5

'1'Uv remaining before completing a particular target, he will not be able

to complete both that target and another target that currently has only

15 TUrn remaining.

The object of thin exercise is to accumulate as many points as

possible as a te&m. This means discussing alternativen with the other

inqmbern of the team in order to make optimum selection of targets. An

there will be more targets than the team can posnibly process,

combinationa of targetn should be selected which optimize team

pr.i'ormance and total point count.

TABLE B.1 TRAP Task Poirt Values

Tar r E D C B A
Point Value . .,,(Per Person) 1 2 3 4 5
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APPENDIX C

INSTRUCTIONS FOR TRAP WITH UNCERTAIN EVENTS

Now that you are familiar with the basio TRAP, we would like to

lntiroduce a variation. In order to study how teams perform with

incomplete or uncertain information, we have added events for which the

point value is initially unknown. The team may choose to query the

system to gain more information about theme events before deciding

whether to commit to processing them,

The UNCERTAIN EVENTS, which appear on the screen as black

re,:tangles, all require three pergonl to process them, There are two

features of theme events which may vary:

1, Probability of Payoff: the probability that a team will

actually got the point# for processing the uncertain event in either 80X

(hi4h) or 20X (low).

2. Point Value: there are two possible point values for each

level of probability of payoff.

Theie two features taken together result in four typem of uncertain

events as mhown in the following table:

TABLE C0l Types of Uncertain Events

Probability
of Payoff Point Values

High (0%) 7 (21) 3 (9)

Low (20X) 28 (84) 12 (30)

Events with a high probblity of payofr, then, have an 80% probability

of giving points and may be worth either 7 points per person (21 points

for the team) or 3 pcintm per permon (9 points for the team). Events

with a low probability of payoff have a 20X probability of giving points
and rny be worth either 26 points per person (84 points for the team) or
12 points per person (30 points for the team). Each of the four types

of uncertain events is equally likely to occur.I"



There im a cost in time (2 TUO) required to get information about
the event.. Taking into account the time cost, the uncertain events are

on the average about equivalent to a 10-point three-peroon event (3.3

points per person).

Initially the uncertain events appear on the screen am black

rectangles with no information about the probability of payoff or point

value, In order to query for information, all three members must move

their markers to that row and press their start buttons, Just as you

would to work on an event, Two TUS after the three team members have
preised their start buttons, information about the event will appear on

the black rectangle, The information will include either an It or L, for

high or low probability of payoff, respectively, and the total number of

Points the team may earn for processing the event.

At the time the information is obtained, the team may choose to

proceIs that event, which they can initiate by prossing their start

buttons a second time (uncertain events, like the other TRAP events,

require 10 TUs for processing), or they may choose nob to process that

event, in which case they are free to move their markers to another

ovent or events, The team may choose, if time allows, to query for

information on more than one uncertain event before selecting an event
or eventm to process.

The rule* and procedures for prooewming the uncertain events are

e:ctly the same as those for the standard TRAP events,

As with the basic TRAP, the object of the task is bo accumulate as

mnny points as possible as a team, This means discussing alternatives

with the other members of the team in order to make optimum selection of

events, The uncertain events may be viewed #imply as additional

alternatives. As there will be more events than the team can possibly

process, combinations of events should be selected which optimize team

performance (total point count).
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APPENDIX D

INSTRUCTIONS FOR TRAP WITH HEURISTICS

A heuristic is a 'rule of thumb' or a simplified approach to a

problem that growo out of experience with similar situations. It may

not always lead to the beat solution to a given problem, but it

6erierally provides a Aqoo solution that can be identified quickly and

family. For example, an appropriate heuristic for the TRAP task might

be ,'Alwaym work 3-permon A targetm.4 People who have had experience

with TRAP have suggested several heuristics for TRAP, and we encourage

yo~u to digcuag and to use the heuristics as you start to perform the

task,

HEURISTIC #1: In addition to 3-porgon A targets, look for a 2-percon B

tar~ot, especially with a I-porgon A target,

A 2-percon B target worked at the same time as a I-person A

target Sets 13 points for the team. Of the 'for cure'

targets, only a 3-percon A target or three I-person A targetg

worked at the game time get more points. Even a I-person C

target worked at the came time am a 2-perlon B target Soto

more points (11) than many combinations that may be available.

HEURISTIC 02: Next, check as many uncertain targets as you can,

Inirnidiately take L84 or H21; ignore L30 and H9.

Heuristic 02 comies from the expected value of the uncertain

target#, or the average payoff you'll get for working those

targetl over time. Taking into account the time delay to

identify the targets. the uncertain targetm are worth on

average about 10 points for the team. (In other words. you

should take combinations of 'for cure' targets that are wortli

move than 10 points before you check uncertain targets.) You

can compute the expected value of an individual uncertain

target by multiplying the probability of payoff by the points

available. For example, the expected value of an L84, onci

you identify it, is (0.2) x 84 a 10.8. Therefore, an L84 willID- 1
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only pay off one out of five times, but the payoff iI big when

It comes. Your maore on one trial may not show the benefit of

selecting an L.4, but your overall average Moore will, An H21

also getm an expeoted value of 10.8, go it is Just as valuable
am an L84. The expected value of an L38 or an NO, though, id

only 7.2, whioh is mo low that there are almost always better

options available.

HEURISTIC 13: Ignore D and I targets.

There will almost always be a better oombination available

than one that involveg 1- and 2- point-per-pergon tarSets,

HEURISTIC #4: Keep the team eynohroniaed. All three team members

should start a target or targetm at the game time.

If you can't Start working a target very close to the arme

time am your teammates, you're better off to stay free until

they are free aSain than to dtart working a l-pervon tarSot

that comes along after they've Itarted. You'd Just end up in

an endless round of waiting for emoeons to be free to start

team targets.

Do you have any queNtionm about the heurimgtion? (Answer questions)

You may now have 5 minuten to disousm the heuristics and any other

strategiem you might choose to adopt.
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HEURISTIOS HANDOUT

HEURISTIC #1: In addition to 3-person A targets, look for a 2-perion B

target, especially with a l-permon A target.

HEURISTIC 02: Next, cLick an many uncertain tarlets as you can.

Immediately take LS4 or H21; ignore L30 and H9.

HEURISTIC 03: Ignore D and E targets.

HEURISTIC 04; Xeep the team synchronized. All three team memberi

should start a target or targets at the same time.

I

I- D- 3



I

APPENDIX H

CONSENT FOIN

SC, .....___ having full capacity to conen.t, doh'arby volu.nter to participate in a reswarch study enrtitled,"rIprwn 1eIaurCe Allocation Problem," under the diroctorn of I'v,
L.untie L. Wiluan, Dr. Clifford Brown, and HaJ D.J. Ncfrids. The
do,'ision to participate in this research Is completely volumntry
on Iny part. No one ham coerced or imtimidated me into
-. rticipating in this program. I am participating because I toant

.I.). has adequately anewered a•iy and all
ri'vistioies I haove about: th' v study, my participation, and
prr'l:mdursu involtvd. I understand that i ..
idli be mvailable to anewer any queutions concerning procedur•e
throvl.hout this study. I underitand that: if significant nowt
rtndingn develop during the course of this research which may
r'late to my decision to continue participation, I will be
Informed, I -further understend that I may withdraw this consfnmt
st any time and discontinum further participation in this study
Wik:lou.t prejudice to my enamtilein.mnts, I also understand that the
nedicaml monitor of this study may terminate my participation In
this study if he or she foels this to be in my best intervet.

I ,.id-mrstand that my participation in this study may be
olhotoraphed, filmed or vide•tped, I conmsent to the ue of
thseu media and underutand that any records of my participatian
in this study may only be disclosed according to 4fderal law,
incrluding the Federal Mrivacy Act, 5 USC 002*1 and its
im plementing regulations.

I understand that my ontitlemenat to medical care or compenaotion
in the evant of inJury are governed by federal laws andrwtJul, aions, and if I desire further information I may contact

I FULLY UNDERSTAND T1HAT I AM MAKINS A DECISION WHETIIER Ori NOT TOr,'micir'ATE. IIY SIGNATURE INDICATES THAT I HAVE DECIDED TO
r•nr.IICIr'A'E HAVING READ THE INFORMATION PROVIDED ABOVE.

PM

Signature Date T imIn

I I1'¢ve briefed the voluntwer and answered questiuns concvi-ning•
lht research project.

,Signature Date
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ADDENDUM TO THE CONSENT FORM

Eitperinment Team Rwesource.Allocation Problem

"You are irvited to participate in an vi~perlment designed to study
hraw peaple in teams work with one another to complete a number of
tasl:s. The situation you will be eitposed to has theoretical
nimnilamrity to thole mncauntered in command, controll o nd
communnications (CO) systems of the USAF. A better understanding
uF ýhh processes by which team members complete tasks will a$silt
in improving theme C0 systems. Your eitposuro to the eqmipment is
limoited to your watching the CRT screen at a distance oif about
two feet for aoppro:timattly two hours per day for throw days,
This does not lnmv9lv any known risks, t,

Iln thh olnporimsnt, you will be observing a computer generated
display of a representation of a work environment. By pressing
pushbuttons on a response boil you will work on tanks individually
itind with your team members. Rloautie there will be more took*
available to you than you can camp~etel the particular tal•s: you
and your team members chaose, and when you choose them, will be
of primary interest. You will receive further detailed
instructions at the beginning or f the heipeoriment,

The responses you makoe, and the times at which you malt:e them will
be recorded for later tknalysive Audio and video recordings will
also be made for subseq.uent study, Your name will be recorded
along with the dat.os &nd times at which the mi4periment is
performed. Your confidentiality as a participnt imn this proJect
will be protected, Your identity will only be revealed in
accordance with the Privacy Act, 15 USC 552 and its implementing
regulations, A numeric code will be used to identify the data in
any publication.

Arty monetary benefit% will be in accordalicm with BRL/Air Force
agreements.

YOu are free to refuse to participate or to withdraw your
psirtlcipation in the ex;periment at any time. Doing so will not
prWjudice your relation with the Laboratory in any respect.

Any queytions you may have should be directed to Ms, Dmnine
Wilson (57572) or Maj D.J. McBride (57570).

Yraur willingness to participate in this eiipermimnt in grmstly
anlreciated. Your signature indicates that you have decided to
pnr'ticipaty, having read the information provided above.

YUU WILL BE OIVEN A COPY OF THIS FORM TO KrEP.

Signature Data
-1-



APPENDIX F

INSTRUCTIONS FOR SUBJECTIVE WORKLOAD ASSESSMENT TECHNIQUE

Mental workload reform to the amount of an individual's capacity

that is used in the performance of a given talk, The amount of capacity

used depends on the individual (ability, effort, training, experience,

etc,) and on the demands of the syltem and the task.

Among the methods available for measuring workload are performance

and subjective mealurst, Performance moauurem are based on the

_asumption that performance declinen am workload approaches the upper

limit of an individual'm capacity to exert effort. In other words, when

workload approaches an individual's capacity, he or she begins to make

errorg, However, since people tend to adapt to tagkg and to hold their

performance congtant over a range of conditions, performance mealurel

may not reflect adequately the impact of changes in the conditions,

Before performance breaks down, the Individual might be working harder

to avoid making orrorg, The individual's lubjoctivo feelings could then

be used to indicate the additional effort, providing a more sensitive

measure of the impact of changing task oonditions,

The SubJective Workload Assemmment Toehnique (SWAT) ham been

developed by the Air Force Aerospace Medical Research Laboratory to

answer the need for a subJective measure of workload. SWAT is a two

step procems consisting of a scale development phase and an event

acoring phase. During the goale development phase, participants provide

the data necessary to develop a workload gsals for each individual. At

the event mooring phase, the individuals raýt the workload associated

wifh a particular task,

You are about to participate In the goals development phase of

* !WAT, which involvel sorting a dick of cards, SWAT diatinSgjishel three

dinmeiimionm of workload: time load, mental effort load, and

payrnhological mtrens load, For each of the three dlmensions, three

l.vels have been defined, The three levels of three dimensions yield 27

possible combinations. To help us develop your workload scale, please
rank order the 27 combination# according to your own perception of the

workload represented by each combination. Your rank ordering will then

F-i
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be converted to a personalized 0-100 workload scale by means of the
mathematical procedure of conjoint. analysis.

In completing your card sort, please consider the workload imposed
by the combination represented on each card, and arrange the cards from

the lowest through the highest workload condition. You may use any
strategy that you choose in rank ordering the cards. One strategy that
hAo proven useful to others it to first arrange the cards Into a number
of preliminary stacks representing 'High,' Moderate,' and 'Low'

workload, Individual cards can be exchanged between stacks, if
necessary, and then rank ordered within stacks. Itacks can then be

recombined and checked to be lure that they represent your ranking of
lowest, to highest workload. However, the choice of strategy is up to

you and you should choose the one that works belt for you,
There is no 'school solution* or one correct order for this

problem, The correct order iS what, in your judgment, belt describes
the progression of workload from lowest to highest in general rather
than for any specific task. That judgment differs for' each of us. It
is important that we are not Wsing for your ~grefetengj on workload.

Some people may prefer to be 'busy' rather than 'idle,' but we do not
neeJ to know that preference. Instead, we need information on how the

three dimensions and the three levels of each one will affect the level
of workload as you see it. You may prefer moderate levels over low

lovels of the dimensions, but the low levels should impose less
wo~rk load.

You will need a description of the three dimensions of workload and
dosfinitiona of the levels within each dimension to complete your card
sort., I will provide that information, and you may also consult your

haindout. Please feol free to aak questions at any time.

Time load refers to the fraction of the total time that you are

buoytv. When time load is low, sufficient time iS available to complete

all of your mental work with some time to spars, As time load

increases, $part time dropo out, and soma aspects of performance overlap
and inter'rupt one another, This overlap and Interruption can come from
pti'orming more than one task or from different, aspects of performingI F-2



the same talk. At higher It4ali of time load, aspects of performance
often occur uimultaneously, v-u are constantly busy, and interruptions

are very frequent.

Time load may be Judged on a ti.ve, point scalat

I, Time Load

1, Often have spare time, I,*e ruptons or overlap among

aetivitieg occur infrequently or not at all.

2, Oocauionally have gpare time, Interrupbtons or overlap

among activities occur frequently,

3, Almost never have spare time. ,Ator-uption.' or overlap

among activities are very frequent, or ocour all "if- time,

•ENTALt FFQOT LOAD

Time load referg to the amount of timelone hba available to perform

a task or talks. In contrast, mental pi-fort load is an index of the

amount of attention or mental effort required by a talk regardless of

the number of talks to be performed or 4hy' time limitation. fhtn mental

effort load is low, the concentration aiid attention required by a talk

is minimal and performance Is nearly automatic, As the demand for

mental effort increases, the degrse of concentration and attention

required to perform lncreasel, due to task complexity or the amount of

information which must be dealt with in order to perform adequately.

High menbkl effort load demands total attention or concentration due to

tegk complexity or the amount of information to be dealt with.

Mental effort load may be Judged on a three-point scale:

I1, Mental Effort Load

1. Very little conscious mental effort or concentration

required, Activity is aliolt automatic, requiring little or no

0 2. Moderate conscioul mental effort or concentration
S~reqpired, Complexity of activity Ag moderately hi•h due to uncertainty,

BINunpredletabtiity, or unfamiliarity. Considerable attention required,

3. Extensive mental effort and concentration are neessmary.

Very complex activity requiring total attention,

F-3
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STRESS LOAD

Stroms load reform to the contribution to total workload of any

S'onditiong that produce anxieby, frustration and confusion while

performing a tank or tasks. At low levels of psychological stress, one

IMi0 relatively relaxed, As strove inoreased, oonfusion, anxiety, or

fru•stration Inorease and greater concentration and determination are

required to maintain control of the situation.

Stress may be judged on a three-point scale:

Ill, Stress Load

1. Little confusion, risk, frustration, or anxiety exists

and can be easily accommodated,

2. Moderate 1trela due to oontusion, frustration, or anxiety

noticeably adds to workload. Significant compensation is required to

maintain adequate performance.

3. High to very intense strens due to confusion,

frustration, or anxiety. High to extreme determination and self-control

req1.1 red,

The letters you see on the back of the cards are to allow us to

arrange the cards in a previously randomiaed sequence so that everyone

gots the same order, It you examine your deck you will see the order on

the back runs from A through Z and then ZZ. Those letters have nothing

to do with your arrangement of the oardnl they simply allow us to put

the cArdn back into the mame starting sequence for the next peron who

rerte the deck,

"During the event meering phase, events will be rated using the name

deacriptorm uned for scale development. Asked to provide a SWAT rating

fnr a particular event, an individual would antign either a 1, 2, or 3

to each of the three dlmenoionn of time load, effort load, and stress

lo'ad experienced during that event. The numbern for each level of the

three dimensions are defined an in the scale development phase. These

thr~e ratingm correspond to one of the combinations created in the

vrderitg procedure for snale development. Your workload snal# value

computed for this particular combination of the three factorn il then

the subjective workload #nore amnigned to the event.

F-4
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From this point until you have completed the sorting will probably

ta0s 30 minutes to an hour. ?lease feel free to ask questions at any

Lim*. Thank you for your cooperation.

SWAT HANDOUT

1. Time Load

1. Often have #part time. Interruptions or overlap &amn$

acvtivities occur infrequently or not at all.

2. Occasionally have spare time. Interruptions or overlap

enionS activities occur frequently.

3. Almost never have spare time. Interruptions or overlap

amnong activities are very frequent, or occur all the time,

It. Mental Stfort Load

1, Very little conscious mental effort or concentration

required. Activity is almost automatic, requiring little or no

a -t~en1 ti ion.

2. Moderate conscious mental effort or concentration

required, Complexity of activity is moderately high due to uncertainty,

unpredictability, or unfamiliarity. Considerable attention required.

3. Extensive mental effort and concentration are necessary.
Vv~ry complex activity requiring total attention.

111. Stress Load

1. Little confusion, risk, frustration, or anxiety exists

and can be easily accommodated.

2. Moderate stroeu due to confusion, frustration, or anxiety

ripticeably adds to workload. Significant compensation is required to

maintain adequate performance.

3. High to very intense stress due to confusion,

frustration, or anxiety. High to extreme determination and self-control

req 1ji red.
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APPENDIX G

Team Resource Allocation Problem

Toot of FPink Valu@ Understanding

-VEIRU IUN 3

flcmv ..... _. _. _ , Team -Workert A 0 C

lotw Sess Uuion -

Onr-Ptrvua C-ventt

1. If A processes the team will accumulate

,•oi rt a.

,IF 0 processe Q tlhe team will accumulate

puointn.

Z. If C proceosum ("A) the team will accumulate

Il:,i rit aI.

P.r,.u.,F'er"uori I;VetwR• .

it. If AD together process the team will accumUIate

points:. 1

5. If BC together process the team will adCumlMate

-- poLnts.

IIir -•'-Per moal Even t,

6. If ABEC together process (u the team will acc:umrUlalt

-... . points.

. IF ABC togethier process c tile team Will aCCUmrUlatV

U. If ABC together process Q the team will aCCUMU14la

points.

a-i



APPENDIX It

Teem Remource ALlocation Problem

Test of Heuristics Understanding

VERSIUN 3

l _________ _ Team .- Workers A 0 C

__t_______________Session

Each oF the following diagrams represents a limited version of a
VitUation you could face in the TMAP. Using the heuristics you
1ave learned, Oi(amine each diagram, !select the action that is
must appropriate, and respond to the question following the
d i egram.

A p C

PtOLSW indicate which line or combination of lines your team
should iork ono

loop,U ..R ______ _.......___

_ _ _ _ I

.- Ai

3 so FC

4 -40

Ploose indicate %hich line or combination of lines your team

Ih ktli wor' on -

Ili

.4.



- - n

I

s indct whc lin orcmia io oline yourea

-- ', ~i , C

I I

I~en hnd1catu whlth uln. or cambLnaklon of munm your team

sihould work oni

.•j Itlase indicmý.* which line or combinat~ion of linesl your team

whu!_uld _j__ __tl

SI11-2
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II A 8 C

2I

PFIAo.twe Itidicot which lime or combination o.f alitiv yomr teamm
slhould work ant

A 0 C

. . . .. . .. .. . . . . . .

swe indtidcat: the belt action for periion C (place in X nmitt to

the beet option)

Sut team to reset and start work an line I
- BSuggemt line 2 ma nei~t target after completing line 5

- tSuggest line 3 am not4t target after completing line 5
Start work~ an line 4
Got team La reset and *tart work on line 6

H- -3
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APPENDIX I
STATISTICAL RESULTS

This appendix contains the detailed results for all dependent

var~iables used in the study, Tables 1.1 through 1.9 provide call means

and variances for each of the following variables:

4- SCORE n (TEAM SOORE) N 100 / (MODEL SCORE)

-- XCERT a PROPORTION CERTAIN

lPL.IPT a 1 PLAYER, 1 POINT/FLAYER EVENTS

-- 21L-2PT a 2 PLAYERS, 2 POINTS/PLAYER EVENTS

-- 2PL-4PT n 2 PLAYERS, 4 POINTS/PLAYER EVENTS

-- 31L-5PT a 3 PLAYERS, 5 POINTS/PLAYER EVENTS

INFO a INFORMATION SEEKING (INFO/SIi ndicates information

9seeking activity in experimental session 1)

-- COMMIT *RESOURCE COMMITMENTS (proportion of uncertain events

to which resources are committed subsequent to stoking

linformati on)

-- SWAT

Thi tables of means and variances are followed by Tables 1.10 and 1.11,

which prevent raw data for all variables.



TABLE I.1 CELL MEANS AND VARIANCES

SCORE a (TEAM SCORE) u 100 / (MODEL SCORE)

(n * 4)

With Heuristicl Without Heuriltilc

Session Seu#ion

1 2 3 4 1 2 3 4

Color Falt mean 00.5 70.2 71.6 73.7 03.4 85.8 68.3 67.3

otd 8.2 3.2 1.9 0.3 7.1 7.8 3.8 8.1

Mod mean 02.0 83.0 07.8 87.0 73,3 74.4 77.9 77,2

Itd 0.5 2.5 4.0 4.3 8,4 3.5 9,0 6.5

Alpha Fast meanI 65.7 64.4 73.4 08.4 03.0 84.5 66.5 86.3

id 3.1 5.7 2.6 0.7 6.8 9.7 2.4 10.2I

Mod mean 79.7 80.0 79,4 63.5 74.7 77.5 81.0 70.7
9tsd 512 3.7 3,4 5.2 0.2 3,1 9.8 11.4

ConJ Fast mean 05.8 06.5 06.1 09.3 60.0 67.9 87,2 8.0

std 7,. 7,3 3,9 3.3 4.8 4.2 1.9 4.2

Mod mean 78.1 81.9 82.7 84.0 76.0 74.0 77.3 75.9

#td 3.6 0.4 0.2 2.0 3.4 4.8 5.5 0.4
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TABLE 1.2 CELL MEANS AND VARIANCES

PROPORTION CERTAIN

(ft 2 4)

With Heurlstlas Without Heuristics

session Sellion

- 2 3 4 1 2 3 4

Color Fast meant 0.393 0.320 0.325 0,312 0,071 0,795 0,707 0.551

std 0.099 0,072 0.002 0,003 0,159 0.225 0,227 0.123

Mod mean 0.330 0.355 0.334 0.345 0.010 0.703 0.832 0.592

gtd 0.074 0.059 0.119 0.039 0.108 0.217 0.253 0,260

Alpha Fast mean 0,519 0.687 0.474 0.403 0.589 0.824 0,530 0,553

9td 0,144 0,155 0,126 0.101 0.202 0.195 0.313 0,248

Mod mean 0,521 0.524 0,508 0.459 0.505 0.558 0,464 0.479

gtd 0.009 0.150 0.075 0.043 0.145 0.190 0,214 0.252

Conj Fast mean 0.343 0.411 0.487 0.438 0.505 0.555 0.548 0..95

std 0.082 0,048 0.105 0,102 0.281 0.247 0,105 0,243

Mod mean 0.372 0.444 0.419 0,504 0,512 0.678 0,516 0,498

std 0.052 0.027 0.008 0,053 0.103 0,174 0.210 0.183
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TABLE 1.3 CELL MEANS AND VARIANCES

I PLAYER, I POINT/PLAYER EVENTS

(n a 4)

With Heuristios Without Heuristioc

session session

1 2 3 4 1 2 3 4

Color Past mean 0.020 0.010 0.030 0.000 0.115 0.040 0,125 0.005

otd 0.023 0,020 0,020 0,000 0.0og 0.040 0,173 0,073

Mod mean 0,030 0.030 0.020 0.010 0.115 0,170 0.128 0,115

std 0.020 0,020 0,023 0,020 0.073 0,057 0.102 0.073

Alp-a Fait mean 0.020 0.040 0.003 0.040 0.040 0.050 0.030 0.003

9td 0o023 0.033 0.074 0.033 0.033 0.038 0,030 0.074

Mod mean 0.040 0.005 0.083 0,093 0.043 0.003 0.0•3 0,053

9td 0,033 0.075 0.001 0,055 0.075 0.087 0,055 0.004

Coni Fast moan 0.010 0.000 0.010 0.093 0,000 0.073 0.073 0.003

std 0,020 0,000 0,020 0.113 0.023 0.120 0,009 0.100

Mod mean 0,020 0,010 0.040 0.070 0.050 0.050 0,093 0.083

gtd 0.040 0.020 0.040 0.020 0.038 0,020 0.087 0,091
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TABLE 1.4 CELL MEANS AND VARIANCES

2 PLAYERS, 2 POINTB/PLAYER EVENTS
(n U 4)

With Heuristics Without Heuristics

sesslon so 4ion

1 2 3 4 1 2 3 4

Color Fast mean 0.000 0.010 0.000 0.000 0,030 0,083 0,020 (.1.02C

otd 0.000 0.020 0.000 0,000 0.030 0.091 0.040 0.023

Mod mean 0.010 0,000 0,000 0.020 0.033 0.005 0,095 0,073

otd 0.020 0.000 0,000 0,023 0,0o5 0,073 0o094 0,073

Alpha Fast mean 0.010 0,000 0.010 0,000 0.003 0.010 0,010 0,043

Otd 0.020 0,000 0.020 0,000 0,081 0,020 0.020 0.061

Mod mean 0.030 0,010 0.030 0.010 0.010 0.040 0.020 0.000

gtd 0.038 0,02f 0,020 0.020 0.020 0.040 0,040 0,000

ConJ Fast mean 0.000 0.010 0.020 0.030 0,003 0.053 0,033 0.083

std 0,000 0,020 0,023 0.038 0.001 0.105 0405• 0,100

Mod mean 0.073 0,020 0.020 0.020 0.053 0.005 0.095 0,053

Otd 0.054 0,023 0.023 0.023 0.064 0,044 0,044 0.001
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TABLE 1.5 CELL MEANS AND VARIANCES

2 PLAYERS, 4 POINTS/LAYER EVENTS

(n 4)

With Heurist~ics Withiout Heuristics

Ieflioi Sessiuon

1 2 3 4 1 2 3 4

Color Past mean 0.250 0.220 0.213 0.106 0.533 0,665 0.523 0.305

std 0.1i3 0.100 0.116 0.093 0.104 0.259 0,171 0,181
Mad mean 0.303 0.365 0.200 0.355 0,523 0.563 0.533 0.480

0td 0.123 0.138 0.207 0,075 0.157 0.272 0.207 0.165

Aplpa Past~ moan 0,360 0.403 0,400 0.305 0.253 0.343 0.200 0.323
otd 0,334 0.205 0.251 0.179, 0.224 0.272 0.301 0.327

Mod mean 0.573 0.553 0.520 0,543 0.345 0,470 0.313 0.315

std 0,257 0.217 0.293 0.122 0.193 0.204 0.200 0.256

ConJ Fast mean 0.196 0.305 0.323 0.330 0.450 0.488 0.440 0,345

std 0,109 0.110 0.159 0.143 0.230 0.219 0.225 0.227

Mod moan 0.203 0.458 0.385 0.523 0.470 0,463 0.428 0.406

_I lobd 10,107 0.107 0.124 0,110 10.186 0.150 0.232 0.1741



TABLE 1.0 CELL MEANS AND VARIANCES

3 PLAYERS, 5 POINTS/PLAYER EVENTS

(n a 4)

Wlih Heuristica Without Heuristics

session Sesslon

1 2 3 4 1 2 3 4
Color Fast mean 0.008 0.813 0.970 0.900 0.970 0.070 1.000 0.870

std 0.119 0,239 0.000 0.119 0.000 0.000 0,000 0,102
Mod mean 0,008 0.00 0.875 0,845 0.936 0,675 0.040 0.845

isd 0,119 0.119 0.250 0.120 0.125 0.250 0.009 08,1

Alpha Past mean 1.000 0.670 0.970 0.940 0.936 0.970 0.875 0.870

9td 0.000 0,174 0.000 0.009 0.125 0.000 0,250 0,174

Mod mean 0,970 0.970 0.940 0.936 0.008 0.040 0.945 0,045

skd 0.000 0,000 0,009 0.125 0,110 0.009 0.237 0.310
ConJ Fast mean 0.900 0.970 1.000 0.900 0.845 0.875 0,915 0,015

gtd 0.119 0.000 0,000 0.119 0.310 0,280 0,075 0,217
Mod mean 0,908 1,000 1.000 1.000 0.040 0,905 0.040 0.910

- Id 0,110 0,000 0,000 0,000 1,009 0.119 0.009 0,000
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?ABL 1.7 06ELL MEAN8 AND VARIANCES

INFORMATION S1EKING

(n , 1)

With Heuristio Without Heuristics

sesion seufion
1 2 3 4 1 2 3 4

Fast 119 mean 0,554 0.520 0,483 0.558 0.313 0.296 0.338 0,388

sad 0.181 0,108 0,111 0.172 0.140 0,227 0,100 0,103

H21 mean 0.525 0.550 0.530 0.558 0.295 0.321 0.388 0,308

std 0.136 0,15b 0,151 0.166 0,181 0.231 0.270 0,223

638 mean 0.575 0,529 0.525 0.525 0.320 0.325 0,300 0,371

std 0.150 0.134 0,147 0.108 0.191 0.219 0,225 0,167

L84 mean 0,521 0.525 0.538 0.821 0.325 0,2.2 0.325 0.383

aod 0.142 0,132 0,157 0.145 0.209 0,185 0.227 0.209

Mod H9 mean 0,540 0.502 0,620 0.817 0.382 0.388 0,417 0,430

std 0,118 0,133 0,125 0,183 0,176 0,238 0.205 0.220

H21 mean 0,450 0.583 0.038 0,029 0.454 0.388 0.500 0.513

std 0,101 0,117 0.137 0,183 0,179 0.222 0,259 0,274

L38 mean 0.688 0,592 0.600 0.013 0.413 0.413 0,450 0,475

asd 0.109 0.200 0.109 0,164 0.204 0,247 0,290 0.244

L84 mean o.613 0.038 0,13 o.e25 0.475 0.379 0.417 0.479

std 0.140 0,171 0.177 0.110 0.166 0.183 0.231 0,2e8
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TABLE 1.8 GILL MEANS AND VARIANCES

RESOURCE COMMITMENTS

With Hleuristics Without Heuristics

Past Moderate Fast Moderate

Ho mean 0,000 0.007 0.484 0.448

std 0.000 0.014 0.327 0,327

H21 mean 0.910 0,952 0,945 0.955

gtd 0.052 0.030 0.055 0.048-- -- IU

L38 mean 0.005 0.005 0.328 0.307

std 0.011 0.013 0.389 0.348

L84 mean 0,904 0.928 0,743 0,718

otd 0,057 0.058 0.270 0.2863
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TABLE 1.9 CELL MEANS AND VARIANCES

SWAT

(n a 4)

With Heuristl•s Without 1Isurlstics

session Session

1 2 3 4 1 2 3 4
Color Past mean 47.2 51.3 44.8 53.8 50.0 40.3 3'1,.2 51.7

stcd 3.1 3.9 8.2 8.9 23,3 13,9 8,6 10.4

Mod mean 34.1 30.2 29.1 35.5 31.4 34.4 23.7 33.1

std 7.5 3.2 8.2 6.1 20,8 11.3 11.7 20.4

Alpha Fast mean 40.7 40.3 42.1 49.1 49,8 40.8 35.3 42,0

ltd 14.0 14.0 9.7 13.5 0.8 11.4 5.4 10.7

Mod mean 20.8 25.8 20.7 23.3 33.3 32.1 17, 25.7

,td 0., 0.0 5.8 5.7 10.1 22.2 14.0 20.0
CuniJ Fast mean 51.3 52.3 47.7 49.0 42.2 49.4 44,0 50,3

ttd 10,2 12.7 17.0 9.1 11,4 6.1 7.3 9.5

Mod mean 38.5 40,4 30.5 35,3 34.4 41.9 29.0 34,4

mtd 9.4 21.5 19.4 15.7 17.3 13.5 20.0 10.8

0I-10
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TABL9 I .10 Raw Data

Alphabetic preuentotion form, with heuristics

IPL-IPT 2PL-2PT 2PL-4PT 3PL-5PT XCERT SCOPE SWAT

Team I Fast Seo, 1 0.040 0.000 0.830 1.000 0,082 03.8 5•8.2

2 0,000 0.000 0.070 0.880 0,589 01.7 54,8

3 0,040 0.040 0.710 0.880 0.587 70.2 47.0

4 0,040 0,000 0.400 1,000 0.404 09.2 58.9

Mod Soso 1 0.040 0.080 0,700 1.000 0,818 79.2 30.0

2 0,130 0.040 0.760 0,880 0.51 '15,5 32.8

3 0.080 0.040 0.750 0.880 0.554 81.7 17.3

4 0.170 0.000 0.500 0,750 0.409 77.2 27.9

Team 2 Faist Soe 1 0.000 0.040 0,400 1.000 0.502 70.1 41.2

2 0.080 0.000 0.710 1,000 0,657 71.1 33.8

3 0.170 0.000 0.080 1.000 0.509 73.8 40.0

4 0,080 0.000 0.540 0.880 0.574 08,2 41.8

Mod Seom 1 0.0o0 0.040 0,710 1.000 0.528 82,5 15.9

2 0.000 0.000 0.710 1,000 0,809 '18.5 20.3

3 0.170 0.000 0.790 1,000 0.582 74,4 15.8

4 0.080 0,000 0,710 1.000 0.513 39.0 15,5
Teiam 3 Fast SBea 1 0.000 0.000 0.130 1.000 0.335 85.5 22.5

2 0.040 0.000 0.130 0.830 0.349 .8.1 33.7

3 0.000 0.000 0,130 1.000 0.288 73.4 29.2

4 0,000 0.000 0.130 0.880 0.331 88.5 32.1

Mod Sass 1 0.04U 0.000 0.210 0.880 0.401 71.3 21.5

2 O.Qq0 0.000 0.290 1.000 0,297 83.4 18,7

3 0.040 0.040 0.210 1.000 0.410 00,4 20.8

4 0.040 0.000 0.540 1.000 0.404 82.4 27,1

Te'nm 4 Fast Seos 1 0.040 0.000 0.130 1.000 0.550 63,4 40.8

2 0.040 0,000 0.400 1.000 0.095 ,08 83.0

3 0,040 0.000 0.540 1,000 0.534 70.8 51.8

4 0.040 0.000 0.330 1,000 0.484 87.0 59.5

Mod Boem 1 0.000 0,000 0.580 1.000 0.538 05. 15,7

2 0.130 0.000 0.080 1.000 0.5e8 82.7 33.3 0.040 0.040 0.330 0.080 0.491 81.2 26.6

1 4 1 0,060 0,040 0.420 1,000 0,450 84,0 22.71

1-1
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TABLE !.10, Continued

Alphabetic presentation form, without heuristios

IPL-IPT 2PL-2PT 2PL'4PT 3PL-5PT %CERT SCORK SWAT

Tesm 5 Fast Soem 1 0.000 0.000 0.130 1.000 0.462 55.4 51.2

2 0.040 0,000 0.250 1.000 0.545 59,0 43.9

3 0.000 0.040 0,040 1.000 0.412 88.3 30.0

4 0.000 0.000 0.040 1.000 0.500 51.8 33.7

Mod Seme 1 0.000 0.000 0.2900 1.000 0.501 67.2 20.5

2 0.080 0.000 0.420 1.000 0.593 73.0 14.7

3 0.040 0.000 0.210 1.000 0.442 72.0 5.8

4 0,000 0,000 0.130 1.000 0.443 73.5 15.8

Tiam, 0 Fast Sege 1 0.040 0.080 0.420 1,000 0.827 80.8 58.5

2 0.080 0.000 0.540 1.000 0.829 8.8 38.5

3 0.040 0,000 0.540 1.000 0.853 68.2 31.4

4 0.040 0.130 0.580 0.880 0.770 71.9 31.4

Mou Seta 1 0.170 0.000 0.830 0.880 0.887 72,2 28,4

2 0,080 0.90 0,750 1.000 0.751 79.9 28.8

3 0.130 0.000 0.540 1,000 0.728 75,3 20.2

4 0,130 0.000 0,30 1,000 0.782 69.8 22.4

T,-rni 7 Fast Seem 1 0.00 0,170 0.400 1,000 0.737 71.7 51.3

2 0.080 0.040 0.580 1.000 0.732 '17.2 63.0

3 0.080 0.000 0,540 1.000 0.892 08.3 30.1

4 0,170 0,040 0.030 1.000 0,872 '74.5 80.9

Mod Sees 1 0.000 0.040 0.250 0.750 0.499 80.8 48.3

2 0,210 0.000 0.580 0,800 0,803 79.1 84,2

3 0,040 0,000 0.420 0,880 0.1. 94,0 38.3

4 0.080 0.000 0.420 1.000 0.'i2 P5.8 55,4

TeAni 8 Fast Semi 1 0,040 0.000 0.000 0.750 0.252 64,0 40.3

2 0.000 0.000 0.000 0,880 0.391 55.1 41.1

3 0.000 0.000 0.000 0.500 0.153 03.3 40.8

4 0.040 0.000 0.040 0.830 0.205 67.0 35,7

Mod Sess 1 O.OCO 0.000 0.210 1.000 0.332 78,7 27,0

2 0.000 0.000 0.130 0,880 0.284 77.8 20.0

3 0.000 0.080 0.080 0.500 0.203 82.7 8.1

4 0.000 0.000 0.080 0.300 0.170 79.8 9.2
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'rAI IE 1.10, Coiitinued

(7Tior presentation form, with heurigticg

IPL-IPT 2PL-2PT 2Ph-4PT 31J-5PT XCERT SCORE SWAT
'1rni 9 Fast Seas 1 0.040 0.000 0.210 0,750 0.277 77.5 44.0

2 0,040 0.040 0.200 0.500 0.258 68.3 49.9

3 0,000 0.000 0.210 1,000 0.348 71.8 55.5

4 0,000 0,000 0.170 0,750 0,289 08.2 55.8
Mod Seas 1 0.040 0.040 0.330 0,750 0,291 90.3 96.4

2 0.040 0.000 0.290 0.880 0,330 81.8 37.5

3 0,040 0.000 0.130 1.000 0.290 91.5 39.0

4 0.040 0.040 0,200 0,880 0,371 91.8 40.1

Inam 10 Fast Seor 1 0.040 0,000 0.420 1,000 0.400 87.0 50,9

2 0,000 0.000 0.290 1.000 0.411 73.3 47.5

3 0.040 0.000 0.380 1.000 0.386 74.4 40,0

4 0,000 0.000 0.250 1.000 0,359 77,5 4.3

Mod Seas 1 0.040 0,000 0.330 1.000 0.459 81.2 39.4

2 0.040 0.000 0,500 1.000 0.417 86.6 38.5

3 0.040 0.000 0.540 1.000 0,505 92.2 24.2

4 0.000 0,000 0.420 1.000 0.385 83.9 27,3

1Lmrm I1 F'ast Seas 1 0.000 0.000 0.200 1.000 0.400 58,8 48.5

2 0.000 0.000 0.250 1.000 0.301 69.1 55,9

3 0,040 0.000 0.130 0.890 0,240 70,3 36.9

4 0.000 0.000 0.080 0.880 0,234 80,5 85.4

Mod Sea# 1 0,000 0.000 0,420 1.000 0,391 74.4 41.7

2 0.040 0.000 0.400 1.000 0.385 82.8 34,5

3 0.000 0.000 0.290 1.000 0,354 81,9 20.0

4 0,000 0,040 0.420 0.750 0.314 82.9 40.2

team 12 past Seag 1 0.000 0.000 0.080 0.880 0,345 62.3 45.3

2 0.000 0.000 0.080 0,750 0.275 '72•,2 53,0
3 0.040 0.000 0.130 1.000 0.328 70.5 486e

4 0,000 0.000 0.290 1.000 0.307 06,4 47,5

Mod Sees 1 0.040 0.000 0.130 0.880 0.324 82.2 28.9
2 0.000 0.000 0.210 0,750 0.282 80,0 42.2
3 0.000 0.000 0.000 0.600 0.228 8560 32.5

4 0.000 0.000 0.200 0,750 0.302 90.• 3423
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TABLE 1.10, Continued

Color preaentation form, without heurltiol

1PL-1PT 2PL-2PT 2PL-4PT 3PL-5PT XCERT SCORE SWAT

Te,,n 13 Fast 8o,, 1 0.040 0.080 0.540 0.080 0.586 72.5 29.4

2 0.080 0.210 0.960 1.000 0o,50 72.7 39.5

3 0.090 0.000 0.030 1.000 0.741 68.1 36.1

4 0.080 0.040 0.630 0,880 0,672 71.8 39.5
Mod Seim 1 0.040 0.000 0,400 1.000 0.431 e,17 12.2

2 0.170 0,170 0o710 0.500 0.729 71.9 29.6

3 0.130 0.130 0.710 1.000 0.787 71.6 14.6

____4 0.210 0.170 0.540 0.630 0.642 73.3 22.9

'I,vm 14 Not Sena 1 0.250 0.000 0.670 1.000 0,903 S6.5 34.7

2 0.080 0,080 0.o80 1.000 o0.060 2.2 32.1
3 0.300 0.080 0.670 1.000 0,997 05.2 26.3

4 0.170 0,000 0,250 0.860 0,506 55.4 54.4

Mod Segg 1 0.090 0.000 0.030 1.000 0,859 09.6 14.6

2 0.250 0.080 0.930 1,000 0.072 72.1 20.6

3 0.250 0.210 0.790 0.880 0,910 70.5 16.7

4 0.130 0,040 0,710 1.000 0.941 7(,.3 13.9

Tream 15 Fast $*as 1 0.040 0.000 0.420 1.000 0.$57 85.6 57.3

2 0.000 0,000 0.250 1.000 0.402 71.8 51,4

3 0.000 0.000 0.290 1.000 0.437 73.6 39,5

4 0.000 0.000 0.250 1.000 0,380 73.0 48.5

Mod $ago 1 0.210 0.000 0.330 1.000 0.505 75.0 50.6

2 0.130 0.000 0.210 1.000 0.444 79.4 44.0

3 0.000 0.000 0.210 1.000 0,370 65.3 23.1

4 0.040 0.000 0.290 1.000 0.3e2 84.2 35.0

Trum 18 Past saes 1 0.130 0.040 0.500 1.000 0.837 59.2 70.7
2 0.000 0.040 0.030 0.880 0.840 50.5 03.4

12 0.130 0.130 0.500 1.000 0.868 74.2 43.3

4 1000 0.080 0.380 0.75 0.04 8.9 ___
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TABLE 1.10, Continued
ConJurctive pregenta•lon form, with heurlitlog

IPL-IPT 2PL-2PT 2PL-4PT 3PL-5PT XCERT SCORE SWAT
'ream 1l Fast Seso 1 0.000 0.000 0.080 1.000 0.298 71.1 51.5

"2 0.000 0.000 0.,50 1.000 0,387 71.9 50.5

3 0.000 0.000 0.170 1.000 0.382 71,9 30.4

4 0.000 0.040 0.130 1.000 0.342 64.8 55.2

Mod Bouo I O.OeO 0.130 0.330 1.000 0,408 83,8 25.3

2 0.000 0.040 0.580 1.000 0.452 85.8 21.2

3 0.000 0.000 0.250 1.000 0,310 01.5 13.5

4 0,090 0.040 0.540 1.000 0.517 96.0 10.1

T.nnm I Fast BSas 1 0,000 0.000 0.200 0.880 0.452 55.0 45,1

2 0,000 0.000 0,380 0,0e0 0.477 00.7 38.5

3 0.040 0,040 0.540 1.000 0.030 05.4 408.

4 0.250 0.000 0.3•0 1.000 0.553 70.9 40.8

$*go 1 0.000 0.080 0.420 0,750 0.425 75.8 44.1

2 0.040 0.000 0.330 1,000 0.445 72.8 25.1

3 0.080 0.000 0.420 1.000 0.500 70.7 10.3

4 0,080 0.040 0.420 1.000 0.450 82.5 30.8

'rc~n 19 Fait se|| 1 0,040 0.000 0.130 0,750 0,274 54.7 43,0

2 0.000 0.040 0.420 1,000 0.387 70,2 51,0

3 0.000 0,040 0.330 1.000 0.495 03.3 41.5

4 0,040 0.080 0,480 0,880 0.493 '2.5 43.4

Mod $Gas 1 0.000 0.080 0.250 0.880 0.333 75.4 38.3

2 0.000 0.000 0,500 1.000 0.403 87.3 47.8

3 0.080 0.040 0.540 1.000 0.504 11,8 37.5

4 0.080 0.000 0.70 1.000 0.573 82,5 42.1

Tvqmn 20 FaSot Seas 1 0.000 0.000 0,290 1.000 0.359 71,7 85.5

2 0,000 0,000 0,170 1.000 0.413 59.2 09.3

* 3 0.000 0,000 0.250 1.000 0.444 03.9 72.1

4 0,040 0.000 0,380 0.750 0,303 69.1 59,3

Mod Seas 1 0,000 0.000 0.170 1.000 0.322 77.8 48.3

2 0.000 0.040 0.420 1.000 0,404 81.8 07.5

3 0.000 0.040 0.330 1.000 0.381 81.0 54.8

1_1 44 0.040 0,000 0.400 1.000 0.408 84.4 52.8
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TABLE 1.10, Continued

LCOrjujnctlve presentation form, without heuristics

IPL-IPT 2PL-2PT 2PL-4PT 3F1L-5PT %WSRT SCORE SWAT
Team 21 Fast Sme, 1 0.040 0.000 0.170 0.380 0.221 50.9 58.6

2 0.000 0,000 0,330 0.500 0.328 02.2 00.9

3 0,000 0.000 0.380 0.750 0.303 09.1 52.1

4 0,000 0,040 0.210 1,000 0,355 73.2 02.0

Mod Seau 1 0,000 0,000 0.250 0.880 0,312 74.2 59.2

2 0.040 0.130 0,380 0.750 0,399 71.1 81.5

3 0,000 0.040 0,210 1.000 0.300 82,8 50.0

4 0.000 0.000 0,290 1,000 0.401 76,3 55.9
Teim 22 Fast Seau 1 0,040 0.080 0.540 1.000 0.714 85.5 41.1

2 0.000 0.000 0.420 1.000 0.08 ,710 40.9

3 0.210 0,000 0.500 0.880 0.010 08.3 35.2

4 0.040 0.000 0.330 0.500 0,553 $7.7 41.8

Mod Seau 1 0.040 0.080 0.480 0.880 0.550 80.3 25.0

2 0.040 0.080 0.380 1.000 0.581 79.4 39.0

3 0,080 0.130 0.420 0.880 0.003 77.8 9.4

4 0,080 0,040 0.400 1,000 0,520 76.0 16,8
T -am 23 Fast a•ee 1 0.080 0.000 0.380 1.000 0.585 50.1 30.5

2 0.040 0.000 0.330 1.000 0.400 70., 48,1

3 0.000 0.000 0.170 0.750 0.337 65.4 47.1

4 0.000 0.000 0.170 0,880 0.282 58.2 52.9

Mod Somu 1 0.080 0.000 0.480 1.000 0.480 72.4 32.4

2 0.040 0.040 0.400 1.000 0.519 70,0 30.8

3 0,060 0.130 0.330 0.880 0.333 78,9 32.8

4 0.000 0.000 0,250 1.000 0,324 18.0 39,4
Team 24 Fart Seem 1 0.080 0.170 0.710 1,000 0.881 84.1 32.8

2 0.250 0.210 0.790 1.000 0.882 07,4 41.9

3 0.080 0.130 0.710 0.880 0.883 05.9 41.5

4 0,210 0.210 0.870 0.880 0.810 63.0 44.0
Mod Seam 1 0,080 0,130 0.710 1.000 0.70a '10, 20.2

2 0.080 0.130 0,710 0,880 0.814 09.1 35.8

3 0.210 0,080 0.750 1,000 0.774 09.7 19.4

4 0,170 0.170 0,030 0,8o0 0.743 75,3 23,5
...-.....-.
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TABLE 1.11 Raw Data, Uncertain Evenbs

Alphabetic presentation form, with heuristics

INFO/81 INFO/82 INFO/33 INFO/84 COMMIT

leam 1 1121 Fast 0.300 0.450 0.400 0.550 0,682

Mod 0.400 0,400 0,450 0.550 0.917

HO Fast 0.250 0.350 0,500 0.400 0.000

Mod 0.350 0.450 0.800 0.550 0.000

L30 Fast 0.300 0,350 0.300 0.350 0,000

_, Mod 0.300 0.350 0.500 0,550 0.000

L84 F oat 0.200 0:350 0o350 0.600 0.9 3

Mod 0.450 0,450 0.500 0.750 0930
lr.•1 2 H21 Fast 0.400 0.350 0,250 0.400 0.821

Mod 0,050 0.400 0,550 0.600 0,909

HO Fast 0,450 0.450 0.500 0.350 0,000

Mod 0.500 0,400 0,500 0,250 0,000
L35 Fast 0,350 0.450 0.300 0.550 0.030

Mod 0.050 0.350 O.650 0.400 0,000

L84 Fats 0.000 0.400 0.150 0.400 0.92'7

Mod 0.350 0.300 0.500 0,500 0,909

'a. m 3 1121 Fast 0.700 0.550 01800 0.600 0, 87

Mod 0.750 0.750 0.500 0.450 0 018

f19 Fast 0.500 0.600 0,350 0,750 0.000

____ Mod 0,500 0.700 0.700 0,700 0.000

L30 Fagt 0,700 0.000 0.450 0.000 0 000

Mod 0.800 0.750 0.000 0.es0 0.000

L84 Faat 0.450 0.650 0.850 0,600 0,915

Mod 0.550 0.750 0,050 0,700 0.962

leam 4 1121 Feat 0.350 0.300 0,500 0.050 0,972

Mod 0.550 0.550 0,550 0,700 0.979

4 1ig Fast 0.450 0.550 0.350 0,750 0.000

Mod 0.350 0.050 0.00 0.450 0.024

L.30 Fast 0.550 0.550 0050 0.550 0.000

Mod 0.300 0,500 0.700 0.550 0,000

L84 Frast 0.350 0.300 0.400 0.350 0.903

Mod 0.550 0.500 0,550 0.000 0,118
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TABLE 1.11, Continued
Alphableti preientation form, without heuristios

INFO/SI INFO/S2 INFO/B3 INFO/84 COMMIT
Tonim 5 H21 Fast 0.400 0.500 0.e00 0.400 1.000

Mod 0.850 0.500 0,750 0.750 1,000

HO Fast 0.450 0.500 0.800 01550 0.752

Mod 0.700 0.500 0,500 0.550 0.755
L35 Fast 0,000 0.550 0.000 0.450 0.0293

Mod 0,000 0150 0.000 0.700 0.000

L84 Fast 0.50 0.400 0.550 0.850 0.133

Mod 0.700 0.500 0.550 0.700 0,001

11ý.N'i a H21 Fats 0,200 0.100 0.150 0.150 0,833

Mod 0.300 0.300 0.300 0.150 0.005

NH9 Feat 0,050 0.150 0.200 0.150 0.909

Mod 0,150 0,200 0.350 0.300 0,900
LU3 Feat 0.250 0.250 0.050 0.100 0,482

Mod 0.250 0.180 0.200 0.250 0.53

L84 Feit 0,200 0.200 0.100 0.150 0.538

Mod 0.500 0.200 0.150 0.100 0.520
Tom 7 H21 Fait 0.350 0.300 0.200 0.250 0.955

Mod 0,500 0.450 0.450 0.500 1.000
HO Fast 0,250 0.250 0.400 0.150 0,571

Mod 0.300 0.250 0.350 0.350 0,440

L38 Fast 0.150 0.100 0.250 0.450 0.053

Mod 0.350 0.400 0.300 0.050 0118
L84 Fast 0.050 0.180 0.250 0.350 1.000

Mod 0,450 0,300 0.000 0.550 0,921
TeAM a H21 Fast 0.050 0.500 0,850 0.750 0.945

Mod 0,700 u.750 0,900 0.050 0.970
H9 Feat 0.450 0.050 0.500 0.500 0.153

Mod 0.550 0.700 0.750 0,050 0.094

L38 Feit 0.550 0,000 0.050 0.550 0.149

Mod 0,500 0.700 0,750 0.800 0.138

L84 FaUs 0.550 0.450 0.0850 0.550 0.783

Mod 0.700 0,700 0,750 0.700 0.877
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TABLE 1,11, Continued
Color pruuentation form, with heurlitics

INFO/I1 INFO/8 INFO/83 INFO/84 COMMIT
Team 9 1121 Fast 0.700 0.700 0.700 0.550 0.943

Mod 0.00 0,700 0,750 0.550 0,93
1o Past 0.700 0.550 0.550 0.750 0,000

Mod 0,000 0.800 0.600 0.850 0.000
L36 Fast 0.600 0.o00 0.750 0.850 0o000

Mod 0,750 0.750 0,650 0,700 0.000
L64 Feat 0,650 0.850 0.550 0.150 0.942

Mod 0.750 0.700 0.950 0.950 0.1O-90

Tqem 10 1121 Past 0.500 0.050 0.800 0.450 1,000

Mod 0.350 0500 0,800 0.700 0.977

119 past 0.400 0.450 0.450 0.450 0.000

Mod 0.550 0.550 0.500 0.50 0.000
L30 Pait 0.550 0.450 0.450 0.450 0.000

Mod 0.700 0.550 0.500 0.450 0.045

L04 FPat 0,550 0.450 0.850 0.800 0.939

Mod 0.750 0.800 0.500 0.600 1.000
T*Am 11 H21 Falt 0.500 0.700 0.050 0.850 0,852

Mod 0,50 0.750 0.900 0.900 0.992

NO Felt 0.750 0.650 0.000 0.450 0.000

Mod 0.050 0.700 0,.00 0.700 0,000

L36 Feat 0.650 0,450 0.50 0.550 0.000

Mod 0.750 0.00 0.800 0.800 0.000
L94 Fast 0.650 0.650 0.700 0.750 0.685

Mod 0.750 0.700 0,550 0.550 0,082
Team 12 1121 Feat 0.550 0,800 0.800 0.750 06809

Mod 0,050 0.050 0.900 0.950 1,000

OH Fest 0.700 0.000 0.600 0.650 0.000
Mod 0.700 0.050 0.950 0,750 0,000

L38 Fat 0.o50 01650 0.e00 0o500 0.000

Mod 0.950 0.900 01000 0.950 0,015

L84 Feat 0,700 0.650 0.750 0.750 0,780

Mod 0.800 0.900 0.950 0.700 0.686
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TABLE 1,11, Continuedl

C~olor prementation form, without. hourigt~icm

_______INP0O/Si INFO/82 INFQ/S3 INFO/64 COMMIT

Team 13 M21 Fast 0,450 0.100 0.150 0.300 0.950

Mod 0.450 0.200 0.250 0.350 0.Pe0

H9 Fast 0.250 0.050 0.200 0.350 0.529

Mad 0.350 0.150 0.250 0,200 0.564

n L30 Fast 0.250 0.100 0.150 0.150 01365

Mod 0.400 0.250 0.300 0.550 0'e33

L84 Fasti 0.200 0.150 0.300 0.250 0.689

Mod 0.500 0.250 0.200 0.150 0.018

Tfmern 14 1121 Fast 0.000 0.000 0.000 0,200 1.000

Mad 0,050 0,000 0.150 0.050 1.000

HO9 Fast 0.300 0.000 0.050 0,400 0.733

Mod 0.150 0.050 0.000 0.000 0.500

L.30 Foot 0.000 0.050 0.000 0.300 1.000

Mad 0.100 0.000 0.050 0.050 01500

L684 Fast. 0.050 0.000 0.000 0.250 0.067

Mod 0.150 0.100 0.050 0.200 0.400

Neam 15 1421 Feast 0.200 0.700 0.550 0.050 0.029

Mod 0.500 0.000 0.750 0.7150 0.942

H19 Feast. 0.450 0.360 0.450 0.600 0,027

Mod 0.550 0,250 0.700 0.550 0.024

L.30 Fast. 0.350" 0.550 0.500 0.550 0.000

Mod 0.700 0.750 0.550 0.000 0.000

L84 Fast 0.800 0.400 0.000 0.500 0.884

Mod 0,500 0.000 0,050 0.700 0.939_
'N'amn 10 1121 Fast 0.400 0.200 0.450 0.300 0.903

Mod 0.500 0.550 0.550 0.750 0,930

119 Fast 0.400 0.300 0.150 0.:s00 0.505

Mod 0.350 0.350 0.400 0.500 0.405

L.30 Fast 0.450 0.300 0.300 0.300 0.074

Mod 0.450 0.400 0.400 0.450 0,029

L84 Feast 0,400 0.300 0.200 0,300 0.375

I- L IMod 0.000 0.300 0.500 0,1550 05 13
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TAILE 1.11, Continued
Conjunative presentatlon form, wlth heuristion

INFO/IS INFo/82 INFo/83 IRFO/S4 COMMIT

,reAP 17 H21 Fast 0.700 0.550 ooo. 0.750 0.,942

Mod 0.050 0.o00 0.700 0o00 o .190

HO Fast 0.700 0.550 0.050 0.750 0.000

Mod 0.700 0.050 0.500 0.750 0.000

L30 Fast 0.700 0.500 0,850 0,700 0,000

Mod 0,750 0.050 0,050 0.050 0.000

L94 Fast OO00 0.800 0.500 0 o 00 070

Mod 0.800 0.000 0.8950 0,500 0980
'ream 18 H21 Past 0.450 0.500 0.400 0.350 0o,82

Mod 0,050 0.000 0,500 0,800 0,957

HO Fast 0.550 0.250 0,350 0.350 0,000

Mod 0.500 0.000 0,750 0.500 0.043
L30 Fant 0.400 0.500 0.400 0.400 0,000

Mod 0.800 0,800 0.400 0,550 0,000

L84 Fast 0,450 0,450 0.250 0.550 0,941

Mod 0.500 0.550 0,450 0.000 0.881

'ream i1 H21 Fant 0.000 0.850 0.450 0.350 0.002

Mod 0,750 0.550 0.550 0,400 0,979

HO P•,t 0.550 0.400 0.350 0.400 0.000

Mod 0.550 0o.•0 0.450 0.450 0.000

L305 Fast 0.850 0.400 0.000 0.400 0.024

Mod 0.00 0.050 0.500 0.400 0,000

L.84 P•at 0.500 0.500 0.400 0.550 1.000

Mod 0.o00 0,000 0.400 0.500 0.970

'Nam 20 H21 Fast 0.550 0.400 0.500 0,450 0.947

Mod 0.050 0.550 0.700 0,550 0.959

HO Fast 0.650 0.650 0.550 0,850 0,000

Mod 0.000 0.000 0.750 0.000 0.020
L38 Fast 0.00 0.750 0.500 0.800 0.000

Mod 0,700 0.290 0.050 0,700 0.000

L.84 Fasit 0.550 0.650 0.800 0.750 0.883

Mod 0.700 0.800 0.000 0.o50 0,9f4I-•



TAULE 1.11, Continued

Conjunctive prmesntation form, without heurlitica

INFO/SI INFO/82 INFO/53 INFO/84 COMMIT
r'oam 21 H21 Faut 0.400 0.400 0.400 0.850 1,000

Mod 0.450 0.400 0.550 0.500 0,974

H9 Fast 0.500 0,400 0.550 0,00 0,089

Mod 0.400 0.450 0,450 0,550 0,784

L30 Fast 0.450 0.500 0.250 0,300 0.933

Mod 0.050 0.800 0.280 0.300 11000

L84 Fast 0.400 0.400 0.450 0,20 1.000

Mod 0.480 0,400 0.450 0.350 0.970
Tea•m 22 H21 Fast 0.200 0.300 0.800 0.500 0.900

Mod 0.550 0.350 0.800 0.400 01911'

H9 Fast 0,200 0.250 0.300 0.450 0.000

Mod 0,200 0.050 0.350 0.00 0.000
L30 Fait 0.400 0.450 0,250 0,580 0.000

Mod 0.400 0,700 0,700 0,000 0,000

L84 Fait 0,300 0,480 0.200 0.300 0.9•0

Mod 0.480 0.500 0.380 0,050 0,897
,ream 23 H21 Fast 0.280 0.850 0.700 0.850 0.807

Mod 0.580 0.800 0.750 0,700 1.000

HO9 Fat 0.350 0.080 0.400 0.400 0.003

Mod 0.450 0.000 0000 0.800 0.082

[35 FaTt 0.450 0.450 0.550 0,550 0.025

Mod 0,250 0,450 0.98 0, 05 0.114

L[4 Faat 0.400 0,450 0.550 0.750 0.907

Mod 0.500 0,800 0,00 0.900 0.700
lNarm 24 H21 Fast 0.050 0.100 0.050 0.050 1.000

Mod 0.250 0.050 0,100 0.300 0.057

HP9 Faut 0.100 0.000 0.201 0.2o0 0.800Mod 0.200 0.300 0.300 0.200 0.700

L30 Fast 0.050 0.000 0.050 0.200 0.833

Mod 0.150 0.100 0.150 0.100 0.800

L84 Fast 0.100 0.180 0,050 0.150 0.779

Mod 0.200 0.200 0,150 0.200 0.933
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